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PRESTEENAL  FISSURE  UNCOVERING  THE  BASE  OF 
THE  HEART.  By  George  A.  Gibson,  M.B.,  D.Sc.  Edin., 
Assistant  Physician,  and  Henrt  Malet,  B.A.,  M.B.  Dub., 
Resident  Physician  to  the  Birmingham  Qeneral  Hospital. 
(Piate  I.) 

Malformations  of  the  sternum  are  not  very  uncommon,  and 
are  caused  usually  by  arrest  of  development.  A  most  interest- 
ing and  instructive  example  has  recently  come  under  our  notice, 
and  appears  well  worthy  of  being  recorded.  Before  entering 
upon  a  description  of  the  case,  however,  it  may  be  Well  to  glance 
briefly  at  one  or  two  phases  of  sternal  development. 

Rathke  has  shown  that  the  first  seven  ribs  of  either  side, 
after  passing  round  the  visceral  laminse  of  the  embiyo,  are  united 
at  their  anterior  ends  by  a  continuous  strip  of  cartilage,  and  that 
the  two  lateral  strips  afterwards  join  from  above  downwards  to 
form  the  non-segmented  cartilagmous  sternum.  During  the 
conversion  of  the  cartilage  into  bone  the  presternum  has  usually 
only  one  ossific  centre,  and  if  two  are  present  they  both  occupy 
the  middle  line,  one  being  placed  above  the  other ;  the  first  piece 
of  the  mesostemum  is  very  rarely  developed  from  more  than  one 
centre,  but  the  remaining  segments  have  frequently  two  lateral 
centres  of  ossification,  and  the  metastemum  is  extremely  irre- 
gular in  its  development. 

Sternal  fissures  must  be  regarded  as  traces  of  the  primordial 
median  division,  and  occur  in  the  relative  order  of  frequency 
which  a  consideration  of  development  would  lead  us  to  expect. 
Irr^;ularities  of  the  ensiform  cartilage  are  exceedingly  common, 
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and  a  slightly  cleft  condition  of  the  lower  end  of  the  gladius  has 
often  heen  described.  An  aperture,  or  foramen  sternale,  in  the 
the  body  of  the  bone  is  frequent  in  the  dissecting-room,  and 
occupies  the  lower  portion  of  the  gladius.  Much  more  rarely  is 
the  condition  of  fissure  of  the  manubrium,  about  to  be  described, 
met  with,  and,  as  in  the  case  of  Herr  Groux,  the  sternum  has  been 
seen  cleft  in  its  whole  length.  The  classic  memoir  of  Dr  Allen 
Thomson  gives  an  admirable  description  of  this  latter  condition  ;^ 
and  as  he  enters  fully  into  the  anatomical  and  physiological 
phenomena  exhibited  by  those  fissures  previously  recorded  by 
competent  observers,  it  is  needless  for  us  to  go  over  the  same 
ground  again.  The  brief  notice  of  the  autopsy  of  Herr  Groux 
which  has  reached  this  country  appears  to  bear  out  Dr  Thom- 
son's description  to  the  full. 

The  sternal  deficiency  which  is  the  subject  of  the  present 
paper  exists  in  a  young  man,  aged  twenty-one,  of  muscular  frame 
and  athletic  habits,  who  has  never  suffered  in  the  least  from  his 
deformity.  He  has  a  second  mesial  malformation,  in  the  shape 
of  a  strip  of  skin  extending  upwards  from  the  umbilicus  for  3 
inches,  in  all  of  which  distance  it  is  attached  to  the  abdominal 
wall,  and  expanding  into  a  fan-like  bundle  of  wrinkles.  A  dis- 
tinct depression  occupies  the  superior  sternal  area  and  opens 
above  into  the  neck,  as  a  deep  fossa,  between  the  clavicles  and 
stemo-cleido-mastoid  muscles,  which  stand  out  in  strong  relief. 
The  floor  of  this  depression  moves  slightly  with  respiration,  and 
there  is  a  marked  pulsation  in  the  left  lower  portion.  Tactile 
examination  shows  this  depression  to  be  due  to  a  complete 
absence  of  the  bony  chest-wall,  the  want  of  which  is  partially 
compensated  by  the  existence  of  a  strong  membrane  stretched 
across  the  fossa.  The  dimensions  of  the  fissure  are  as  follows : — 
the  inner  ends  of  the  clavicles  are  2|^  inches  apart  superficially,  and 
1}  inch  deeply ;  they  rest  upon  the  two  lateral  divisions  of  the 
manubrium,  which  are  at  first  1|  inch  from  each  other,  and  at 
the  level  of  the  second  rib  1 J  inch ;  from  this  point  they  incline 
towards  the  middle  line  and  meet  in  osseous  union  at  the  level 
of  the  upper  surface  of  the  fourth  rib.  The  two  lateral  divisions 
of  the  sternum  are  each  |  inch  broad  at  the  second  interspace, 
and  I  inch  at  the  third.    The  lower  part  of  the  fissure,  from  the 
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lower  border  of  the  third  to  the  upper  boixler  of  the  fourth  rib, 
is  occupied  by  a  dense  membrane  or  cartilage  |  inch  deep,  pre- 
senting a  crescentic  border  superiorly;  the/6nsiform  cartilage  is 
divided  into  two  spines,  of  which  the  left  i^  merely  a  mammillary 
process,  while  the  right  is  an  inch  long.  The  clavicles  are  strong 
and  well-formed,  measuring  an  inch  both  vertically  and  antero- 
posteriorly ;  the  sternal  origins  of  the  stemo-cleido-mastoid 
muscles  pass  down  in  front  of  the  clavicleSi  and  are  attached 
to  either  sternal  division,  they,  as  well  as  the  stemo  -hyoid  and 
-thyroid  muscles,  being  widely  separated  in  the  neck. 

From  the  crescentic  border  described  above  a  strong  but  lax 
membrane  arises,  which  is  attached  to  the  sides  of  the  fissure, 
and  extends  to  the  level  of  the  middle  of  tiie  first  rib.  The 
upper  border  of  this  membrane  is  doubly  lunated,  the  left  curve 
being  slightly  shorter  than  the  right,  so  that  they  meet  in  an 
angle  slightly  to  the  left  of  the  middle  line,  at  which  point  the 
membrane  becomes  continuous  with  a  strong  cord-like  band  of 
fibrous  tissue,  ascending  to  the  cricoid  cartilage,  with  which  it 
is  closely  connected.  The  act  of  swallowing  draws  upon  the 
band  and  makes  the  membrane  tenser,  and  if  the  finger  be 
pressed  firmly  upon  this  latter  the  cricoid  cartilage  is  dragged 
down  a  little.  When  the  hands  are  forcibly  pressed  together 
the  cleft  becomes  perceptibly  but  very  slightly  wider  above,  and 
the  same  efTect  is  produced  by  pressing  the  forehead  strongly 
against  any  obstacla  The  osseous  relations  and  the  membrane 
are  delineated  in  Plate  I.,  which  gives  a  faithful  representation 
of  the  man's  appearance. 

A  line  drawn  from  the  middle  of  the  second  left  intercostal 
space  at  its  sternal  end  to  a  similar  point  in  the  third  right,  cuts 
oflf,  below  and  to  the  left,  the  strongly  pulsating  portion  of  the 
membrane ;  at  and  above  the  superior  border  of  this  structure 
the  cervical  vessels  visibly  pulsate.  On  deep  expiration  the 
membrane  sinks  and  renders  all  these  pulsations  more  marked, 
while  deep  inspiration  has  a  contrary  eflfect.  Any  violent  ex- 
piratory e£fort  causes  a  great  inflation  of  the  membrane,  which 
bulges  out  much  above  the  level  of  its  borders;  this  swelling 
passes  out  some  distance  into  the  neck.  After  deep  inspiration 
the  form  of  this  swelling  can  be  made  out  very  well,  especially 
when  the  man  makes  an  expiratory  effort  with  the  glottis  closed. 
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The  swelling  in  the  fossa  is  marked  by  two  sulci  running 
towards  each  other  from  the  lower  edge  of  the  clavicles,  and 
meeting  at  a  point  1^  inch  below  them,  from  which  another 
depression  runs  towards  the  pulsating  area  below  and  to  the 
left.  The  swelling  caused  by  inspiration  is  therefore  trilobate, 
with  an  upper,  a  small  left,  and  a  large  right  lobe.  The  right 
and  left  are  clearly  resonant  on  percussion,  but  the  upper  is 
muffled. 

When  in  the  horizontal  position  the  apex  beat  cannot  be  seen 
or  felt,  but  when  upright  it  is  found  in  the  fifth  interspace,  3 
inches  from  the  middle  line.  The  cardiac  dulness  in  the  left 
parasternal  line  begins  at  the  third  costal  cartilage,  and  along  the 
fourth  right  rib  it  commences  at  the  sternal  edge.  The  pulsation 
seen  in  the  vessels  of  the  neck  is  double,  owing  to  the  effect  of 
the  closure  of  the  semilunar  valves  being  both  seen  and  felt 
The  action  of  the  heart  is  perfectly  r^ular,  and  the  pulse  76  per 
minute. 

The  pulsation  in  the  lower  part  of  the  fossa  is  very  peculiar 
The  "state  of  rest"  here  is  a  prominent  d^ree  of  fulness;  the 
cycle  commences  with  a  sudden  increase  of  tension,  followed  by 
a  swift  wave-like  subsidence  downwards;  this  in  turn  is  suc- 
ceeded by  a  sharp  short  impulse,  after  which  there  is  a  swift 
return  of  the  swelling  again.  Light  palpation  conveys  the  same 
impression,  the  sharp  short  impulse  being  especially  marked ; 
after  the  rise  in  tension  the  sinking  of  the  swelling  is  dis- 
tinctly vermicular,  and  running  from  above  downwards.  The 
touch  must  be  very  light,  as  the  least  degree  of  firm  pressure 
brings  on  a  state  of  extreme  arbythmia  if  persisted  in  for  a  few 
seconds. 

At  the  apex  of  &e  heart  the  sounds  on  auscultation  are  per- 
fectly natural ;  over  the  tricuspid,  aortic,  and  pulmonary  areas 
they  are  also  normal  By  means  of  the  double  flexible  stethoscope 
the  sounds  of  the  pulsating  area  in  the  fissure  have  been  very 
carefully  analysed.  They  are,  of  course,  better  heard  when  the 
man  reclines  on  a  couch.  Accompanying  the  increased  tension 
which  begins  the  cycle  is  a  faint  hushing  murmur,  immediately 
followed  by  the  first  sound,  beginning  with  and  lasting  until  the 
end  of  the  downward  subsidence,  and  accompanied  by  a  soft  low 
murmur;  the  short  sharp  impulse  coincides  with  the  second 
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3ouDd,  which  is  extremely  loud,  and  aloDg  with  the  return  of 
the  swelling  there  is  a  scarcely  audible  hum. 

We  hare  taken  admntage  of  the  graphic  method  in  order  to 
register  the  impulses  communicated  to  the  membrane,  and  have 
in  thia  manner  accnrately  determined  both  the  absolute  form 
and  the  relative  rhythm  of  these  impulses.  The  instrument 
used  for  this  purpose  is  the  direct  cardiograph,  which  we  specially 
modified  to  suit  the  requirements  of  the  case.  Although  the 
evidence  collected  by  means  of  two  senses  cannot  safely  be 
compared  when  an  exact  result  is  wiBhed,  we  can  nevertheless 
jadge  approximately  in  this  way  of  the  synchronism  of  two 
impulses,  or  of  impulse  and  sound.  Placing  a  finger  upon  the 
carotid  artery,  and  watching  the  lever  of  the  cardiograph  whilst 
in  motion,  the  arterial  pulse  appears  to  coincide  with  the  swift 


fall  of  the  lever ;  still  watching  the  movements  of  the  lever,  and 
listening  to  the  heart  sounds  with  the  binaural  stethoscope,  the 
first  sound  is  clearly  synchronous  with  the  abrupt  rise  of  the 
lever  to  its  highest  Novation,  and  lasts  until  it  descends  to  the 
lowest  poiot,  the  sharp  impulse  which  follows  being  exactly 
coincident  with  the  second  sound. 
Fig.  1  is  a  faithful  copy  of  the  tracing  obtained  from  the  pul- 
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sating  area.  It  shows  almost  perfect  regularity  of  tlie  heart's 
action,  and  exhibits  also  the  undulations  caused  by  the  rise  and 
fall  of  intrathoracic  pressure  during  ordinary  respiration.  Fol- 
lowing the  slight  rise  at  a  is  the  ascent  to  b  spoken  of  above, 
with  which  the  first  sound  begins ;  this  in  turn  being  succeeded 
by  the  swift  descent  of  the  lever  caused  by  the  quick  vermicular 
subsidence  over  which  the  first  sound  lasted ;  the  abrupt  rise 
at  c  is  due  to  the  sharp  impulse  accompanjdug  the  second 
sound. 

By  menus  of  the  dii'ect  differential  cardiograph,  fig.  2  was 
obtained,  in  which  the  upper  tracing  is  taken  from  the  carotid 
artery  at  ita  origin  from  the  aorta,  about  tlie  upper  part  of  the 
membrane,  and  the  lower  tracing  from  the  pulsating  area  of  the 
fossa.     In  this  figure  it  is  clear  that  the  arterial  impulse  coincides 


exactly  with  the  falling  away  of  the  pulsating  tumour,  for  as 
the  lever  showing  the  arterial  movements  rises  to  h',  the  one  in 
connection  with  the  tumour  makes  a  sudden  descent  from  b.  The 
rise  at  c'  agrees  in  rhythm  with  that  at  c,  which  we  have  seen  to 
accompany  the  second  sound.     A  word  may  be  said  about  the 
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arterial  tracing.  The  main  systolic  wave  V  is  of  course  quite 
intelligible,  and  the  series  of  waves  culminating  in  c  are  merely 
the  katacrotism  of  all  arterial  tracings;  the  four  faint  waves 
beginning  with  a'  require  explanation  however,  and  seem  to  be 
caused  by  tremors  conveyed  up  the  membrane  from  the  pul- 
sating area  below.  The  number  of  these  little  waves  agrees  with 
the  number  of  thoee  on  the  tracing  below. 

The  starting-point  in  the  cycle  of  movements,  as  shown  in 
fig.  1,  is  a,  which,  from  its  relative  rhythm,  must  be  caused  by 
the  anricular  systole.  The  ascent  of  the  line  which  follows 
appears  to  be  brought  about  in  this  way: — ^immediately  after 
the  contraction  of  the  auricles,  the  ventricles  become  tense, 
gather  themselves  together,  so  to  say,  and  almost  instantaneously 
begin  to  expel  the  contained  blood ;  in  the  first  of  these  pro- 
cesses a  sudden  shock  is  given,  which  causes  the  elevation  to  h, 
and  at  once  thereafter  the  cavities  empty  themselves,  and  there- 
fore allow  the  lever  to  fall  suddenly,  tracing  the  descent  from  h. 
That  this  view  is  correct,  appears  t-o  be  proved  by  the  com- 
parison of  the  upper  and  lower  tracings  in  fig.  2,  which  shows 
that  the  emptying  of  the  ventricles  coincides  with  the  filling  of 
the  artery.'  The  abrupt  but  small  rise  at  c  can  only  arise  in  one 
way.  Coinciding  as  it  doe^  with  the  diastolic  shock  and  second 
sound,  and  being  synchronous  with  the  katacrotism  of  the  arterial 
tracing  c',  it  marks  the  commencement  of  diastole,  and  is  caused 
by  the  weight  of  the  blood  falling  on  the  semilunar  valves,  and 
transmitted  thence  through  the  tissues  of  the  heart.  In  every 
good  apical  cardiogram  the  same  diastolic  impulse  is  shown. 
Succeeding  this  little  rise,  which  so  clearly  marks  the  com- 
mencement of  diastole,  is  the  fiUing-up  of  the  heart  by  the  blood 
entering  during  its  relaxation,  which  causes  the  ascent  of  the 
line  to  d  A  great  deal  of  difficulty  besets  the  attempt  to 
explain  the  further  elevation  of  the  line  to  e,  as  well  as  the  suc- 
ceeding wavelets  shown  by  the  sinking  of  the  line  from  that 
point.  The  only  rational  hypothesis  which  we  can  offer  is  that 
the  line  rising  to  d  shows  the  filling-up  of  the  auricles  by  the 
surcharged  venoe  cavas  and  ptdmonales,  whilst  the  succeeding 
elevation  to  e  is  due  to  the  filling  of  the  ventricles,  after  which 
the  heart  becomes  quiescent.  It  is  possible  that  the  elasticity 
of  the  heart,  aided  by  the  uncoiling  of  its  muscular  fibres,  may 
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have  something  to  do  with  the  fonnation  of  these  waves,  bnt,  as 
we  differ  in  opinion  upon  this  point,  we  cannot  propose  any 
hypothesis. 

With  regard  to  the  determination  of  the  particular  part  of  the 
heart  which  is  the  cause  of  the  pulsation,  there  is  veiy  little 
difficulty.  The  pulsating  area  occupies  a  position  opposite  and 
on  a  level  with  the  second  intercostal  space  and  the  third  costal 
cartilage.  On  anatomical  grounds,  therefore,  the  pulsation  ap- 
pears to  be  due  to  the  canvs  arteriosus,  for  at  this  point  the 
aorta  is  too  deeply  placed,  and  the  auricles  too  far  off  laterally 
to  become  prominent 

A  consideration  of  the  cyde  of  movements  and  of  their  relative 
rhythm  points  to  the  same  conclusion.  The  aorta  and  auricles 
have  veiy  different  forms  of  impulse  wave  from  that  which  we 
have  described,  and  the  only  other  cause  of  the  pulsation  there 
could  be  is  the  pulmonary  artery  above  the  semilunar  valves. 
But  the  impulses  noted  above  decisively  negative  such  a  sup- 
position, for,  were  the  puhnonary  artery  the  cause,  there  would 
be  a  distinct  and  lengthened  rise  with  every  systole  instead  of  a 
sinking,  such  as  we  have  described.  On  the  other  hand,  the 
filling  during  diastole,  the  systolic  emptying,  and  the  transmitted 
shock  from  the  blood  falling  upon  the  sigmoid  valves,  are  exactly 
what  we  should  expect  to  find  in  the  upper  portion  of  the 
ventricular  heart 

The  murmurs  heard  over  the  pulsating  area  are  audible  on 
account  of  the  close  proximity  of  the  subjacent  organs.  In  the 
physiological  laboratory,  as  well  as  in  the  cas^  of  Herr  Groux,  it 
has  been  remarked  that  the  first  sound  begins  with  the  auricular 
systole.  In  this  instance  a  faint  murmur  accompanies  the  con- 
tracticm  of  the  auricles,  and  is  continued  into  the  first  sound ; 
a  murmur  of  soft  blowing  character  is  heard  along  with  the  first 
sound,  and  cannot  be  due  to  any  cause  other  than  the  upward 
flow  of  the  blood  immediately  beneath  the  end  of  the  stetho- 
scope ;  finally,  a  low  hushing  murmur  is  caused  by  the  entrance 
of  blood  during  diastole. 

The  arhjrthmia  induced  by  pressing  upon  the  tumour  appears 
to  be  caused  by  obstruction  to  the  free  exit  of  the  blood,  which 
brings  about  the  often  repeated  effort  of  the  ventricle  to  empty 
itself.    The  inspiratory  swelling  seems  to  be  due  to  full  expan- 
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sioD  of  the  lungs,  the  right  And  left  portions  being  lung  tissue, 
while  the  median  tumour  above,  seen  on  expiratory  efforts  with 
full  lungs  and  closed  glottis,  is  caused  by  venous  stasis. 

It  is  interesting  to  notice  that  the  interference  with  mesial 
union  has  extended  to  the  abdominal  as  well  as  the  thoracic 
parietes ;  and  we  may  remark  that  the  fact  of  presternal  fissure 
being  present,  shows  that,  in  this  instance,  the  union  of  the 
lateral  halves  from  above  downwards,  described  by  Bathke,  has 
not  occurred  in  the  normal  order  of  succession. 
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CASE  OF  CONGENITAL  AND  PROGRESSIVE  HYPER- 
TROPHY OF  THE  RIGHT  UPPER  EXTREMITY.  By 
William  Osler,  M.D.,  M.R.C,P.,  Professor  of  the  IrtsOttUes 
of  Medicine  in  M^GUl  University ^  Montreal, 

Hypertrophy  of  one  extremity  or  of  one  side  of  the  body  must 
be  ranked  among  the  very  rare  abnormalities  of  development 
Trelat  and  Monod  in  their  memoir,^  published  in  1869,  were  only 
able  to  collect  twelve  cases,  apart  from  instances  of  hypertrophied 
fingers  and  toes,  which  are  much  more  common.  Since  that  date 
the  only  other  case  to  which  I  can  find  reference  is  one  reported 
by  Ewald  in  Virchow's  Archiv  (1872),  in  which  the  left  hand 
was  affected.  Of  the  cases  summarised  by  Trelat  and  Monod, 
in  one  it  was  confined  to  the  right  upper  extremity,  in  six  both 
upper  and  lower  limbs  of  one  side  were  affected  (4  on  the  right, 
2  on  the  left  side),  and  in  all  the  leg  much  more  than  the  arm ; 
in  two  the  leg  alone  was  involved ;  in  one  the  right  side  of  face, 
and  in  one  the  right  side  of  head  and  face.  With  the  exception 
of  a  case  of  Mr  Adam's  {Lancet^  1858)  all  of  these  are  reported 
by  continental  writers. 

I  am  indebted  to  my  colleague  Dr  Drake  for  the  opportunity 
of  examining  the  following  case,  and  for  permission  to  publish 
the  notes. 

A.  B,,  aged  8  years  and  10  months,  a  well  grown,  healthy-looking 
girl,  the  eldest  of  a  family  of  four ;  parents  healthy.  The  mother 
states  that  while  pregnant  her  brother  met  with  an  accident  by 
wliich  his  hand  was  severely  crushed,  necessitating  the  amputa- 
tion of  several  fingers.  She  did  not  see  him  until  six  weeks 
before  her  confinement,  when  the  hand  had  healed,  but  the 
appearance  of  it  gave  her  a  great  shock,  and,  of  course,  she 
attributes  the  deformity  to  this  cause.  I)r  F.  W.  Campbell,  the 
family  physician  at  the  time,  informs  me  that  the  enlargement 
of  the  arm  was  quite  noticeable  at  birdi ;  but  his  attention  was 
chiefly  directed  to  the  hand,  which  was  deformed,  with  the  fingers 
strongly  flexed,  and  attempts  were  made  to  remedy  this  condition 
by  the  use  of  a  straight  splint.     Not  long  after  the  case  came 
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into  Dr  Drake's  hands,  and  has  been  under  his  observation  ever 
since,  and  he  bears  testimony  to  the  gradual  and  progressive 
growth  of  the  limb  with  the  development  of  the  cliild.  The 
mother  thinks  that  the  arm  is  larger  in  proportion,  and  more 
noticeable  now  than  in  infancy. 

The  present  condition  is  as  follows: — 

When  stripped  the  child  presents  a  remarkable  appearance 
from  an  abnormal  development  of  the  right  upper  extremity, 
which,  in  contrast  to  the  limb  on  the  left  side,  looks  like  that  of 
a  medium-sized  man.  The  enlargement  extends  to  the  muscles 
of  the  shoulder.  Sides  of  face  and  abdomen  symmetrical,  Ic^s  of 
equal  length  and  size.  Chest  is  well  formed,  expansion  good,  equal 
on  both  sides ;  right  half  measures  4  centimetres  more  than  the 
left  Eight  pectoralis  major  is  hypertrophied,  and  stands  out  very 
prominently  when  contracted.  Bight  shoulder  is  considerably 
larger  than  the  left,  and  when  she  stands  straight  is  on  a  higher 
level.  The  deltoid  is  greatly  developed,  the  trapezius  less  so. 
Scapulae  equal  in  size;  no  marked  difference  in  their  muscles. 
Right  clavicle  is  a  little  longer  than  the  left  (6  mm.),  sterno- 
cleidomastoid muscles  of  equal  size. 

The  foUowing  are  the  comparative  measurements  :— 

Chest,  just  below  nipple,  circumference,  56  centimetres. 

Chest,  right  half,  30  centimetres;  left  half,  26;  difference,  4. 

Upper  extremity  from  tip  of  acromion  to  styloid  process  of 
radius,  right,  42  centimetres;  left,  37;  difference,  5. 

Clavicle, length, right,  11*5  centimetres;  left,  109; difference, '6. 

Humerus,  length,  right,  24*1  centimetres;  left,  21 ;  difference  3*1. 

Arm,  circumference,  biceps  extended,  right,  18*5  centimetres ; 
left,  15*6;  difference,  2*9. 

Arm,  circumference,  biceps  strongly  flexed,  right,  20*3  centi- 
metres; left,  15*9;  difforence,  4*4. 

Humerus,  width  across  condyles  measured  with  pair  of  com- 
passes, right,  7  centimetres;  left,  6;  difference  1. 

Fore-arm,  circumference,  thickest' part, right,  21*2 centimetres; 
left,  17 ;  difference,  4*2. 

Wrist,    circumference,    right,    15*5    centimetres ;    left,    12 ; 
difference,  3*5. 

Hand,    circumference,    right,   20*3    centimetres;    left,    157; 
difference,  4*6. 
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Hand,  across  metacarpal  joints,  right,  9*5  centimetres;  left,  7; 
difference,  2*5. 

Middle  metacarpal  bone,  length,  righi,  5  centimetres;  left,  6. 

Middle  finger,  length,  right,  8  centimetres';  left,  8*5. 

Index  finger,  length,  right,  7*7  centimetres;  left,  7;  difference, 
•7. 

Thumb,  first  joint,  circumference,  right,  9;  left,  6*5;  difference, 
2-5. 

The  muscles  of  the  humerus  are  strongly  developed,  the  biceps 
particularly  so,  and  it  stands  out  in  bold  relief  when  flexed,  feel- 
ing also  much  firmer  than  the  corresponding  muscle  of  the  other 
side.    The  fore-arm  presents  a  very  substantial  muscular  appear- 
ance, and  affords  a  striking  contrast  to  the  child-like  aspect  of 
the  other  arm.    The  wrist  is  thick  and  solid ;  the  hand  square 
and  thick,  short  in  proportion  to  its  size,  with  large  and  prominent 
knuckles.    The  palmar  surface  presents  a  thick  pad  of  fat,  over 
which  the  skin  is  loose  and  more  creased  than  usual.    The  ball 
of  the  thumb  is  large,  and  all  the  muscles  are  strongly  developed. 
The  fingers  are  small  in  proportion,  and  are  kept  in  the  semi- 
flexed position,  which  gives  a  somewhat  deformed  appearance  to 
the  hand.    With  the  exception  of  the  middle  finger,  they  can  all 
be  fuUy  extended,  and  it  has  a  moderately  free  range  of  motion. 
When  bom  the  fingers  were  much  more  flexed,  and  the  power 
over  them  has  only  been  gradually  acquired  by  use.    The  position 
of  semi-flexion  does  not  trouble  her  in  the  least,  as  she  can  at 
will  extend  the  fingers  sufficiently  for  all  practical  purposes. 
Skin  on  the  limb  is  normal    Temperature  on  both  sides  equal. 
Sensibility  perfect     No    perceptible    difference    between  the 
brachial  pulses.    Beat  of  the  left  radial  is  if  anything  more 
distinct  than  that  of  the  right.     Arteries  are  not  apparently  en- 
larged.   Muscular  power  of  hypertrophied  limb  is  greatly  in- 
creased.   It  could  not  be  accurately  measured  with  the  dyna- 
mometer, as  the  instrument  could  not  be  properly  grasped  in  the 
hand,  but  the  difference  was  most  marked  on  comparing  the  grip 
of  the  two  hands,  that  of  the  right  being  very  firm  and  powerful 
compared  with  the  left.    She  ia  naturally  right-handed,  and  uses 
the  limb  for  sewing,  writing,  and  all  ordinary  duties. 
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ON  THE  SCAPULAR  INDEX  AS  A  RACE  CHARACTER 
IN  MAN.  By  W.  H.  Flower,  LL.D.,  F.RS.,  and  J.  G. 
Gakson,  M.D.,  Soyal  College  of  Surge(m8  of  Ungland. 

In  the  Bulletin  de  la  Societe  d^ArUhropologie  de  Paris,  tonL  i. 
(ord  series),  1878,  page  66,  M.  Broca  has  called  attention  to  the 
form  of  the  scapula  in  man  and  a  considerable  series  of  mammals, 
and  has,  for  the  first  time,  formulated  the  principal  differences 
in  the  shape  of  the  bone  by  establishing  an  index  or  numerical 
expression  of  proportion  between  its  chief  diameters — the  length 
and  breadth.  Besides  this,  which  he  calls  the  scapular  index,  he 
has  established  a  second,  to  show  the  relative  development  of  the 
infraspinous  plate  (post-scapula,  Parker),  this  he  calls  the 
"  indice  sous-^pineux,'*  or  infraspinous  index. 

The  breadth  of  the  bone  (AB)  is  taken  from  the  centre  of  the 
posterior  or  outer  border  of  the  glenoid  fossa  (B),  along  the  base 
or  attached  border  of  the  .spine,  to  the  point  (A)  where  this 
line  intersects  the  vertebral  border.     The  length  (CD)  is  the 
greatest  distance  between  the  pos- 
terior superior  (C)  and  inferior  (D)  <SL  /\ 
angles.    The  infraspinous  length  is           X  \  Xj^^^^^^^l--^ 
that  between  A  and  D.                              /  "??Tri^^^^— ^p 

The  general  result  of  the  series  of        Vr  \  J 

measurements  made  by  M.  Broca         \\    \  / 

shows  that,  among  the  mammalia,         1\    ;  / 

man  has  exceptionally  low  indices,  \  j         / 

both  scapular  and  infraspinous.   The         \  \  |       j 
anthropoid  apes,  he  found,  approach  ^ir^ 

man,  but   between    these  and  the 

other  quadrumana  there  is  a  wide  interval.  In  the  bats,  how- 
ever, in  which  the  function  of  the  scapula,  as  a  basid  for  the 
attachment  of  the  muscles  of  flight,  is  totally  different  from  that 
of  animals  having  a  quadrupedal  mode  of  progression,  the  index 
is  lower  even  than  in  man. 

With  regard  to  the  different  races  of  men,  the  materials  at 
M.  Broca's  disposal  were  not  sufficient  to  establish  any  veiy 
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satisfactory  conclusions  except  in  the  case  of  Europeans  and 
Negroes.  From  an  examination  of  twenty-three  skeletons  of 
the  former  and  twenty-four  of  the  latter  he  has  arrived  at  the 
following  conclusions  :  that  the  scapular  index  in  Europeans  is 
65-91,  and  the  infraspinous  index  87*79.  In  the  Negroes,  how- 
ever, the  scapular  index  is  68*16,  and  the  infraspinous  index 
93*88.  In  other  words,  the  length  of  the  scapula  compared  to 
the  breadth  in  the  Negro  is  less  than  it  is  in  the  European. 
This,  as  far  as  can  be  judged  at  present,  is  a  sign  of  degradation, 
and  is  certainly  an  approach  to  the  form  of  scapula  in  the 
anthropoid  apes,  as  can  be  seen  from  the  table  of  measurements 
and  indices  of  the  scapulse  of  the  chimpanzee,  gorilla,  and  orang- 
utan. 

The  necessity  of  a  large  series  of  observations  from  which  to 
deduce  an  average  is  evident,  when  we  examine  the  individual 
cases,  as  many  of  the  Negroes  have  indices  as  low  as  some 
Europeans,  and  vice  versa.  The  general  peculiarities  of  the  race 
are  only  developed  by  an  extensive  series.  As  even  our  largest 
anatomical  collections  are  still  most  insufficiently  supplied  with 
skeletons,  it  is  only  by  the  combined  contributions  of  various 
persons  having  access  to  different  collections  that  material  can 
be  brought  together  to  test  the  value  of  this  character,  and 
towards  this  end  we  offer  the  following  result^  of  measurements 
of  scapula3  which  have  come  under  our  observation,  the  greater 
number  of  them  being  in  the  Museum  of  the  Boyal  College  of 
Surgeons  of  England. 

We  must  mention  that  only  scapulae  of  fully  adult  persons, 
in  which  the  epiphyses  were  united,  have  been  employed — 
a  very  necessary  precaution  in  establishing  an  average,  as 
the  form,  and  consequently  the  indices  of  the  scapulae,  are 
very  different  before  the  union  of  their  epiphyses;  secondly, 
the  scapulae  of  subjects  of  both  sexes  have  been  taken  indis- 
criminately, not  only  because  sexual  difference  is,  as  shown  by 
Broca,  comparatively  little,  but  because,  in  some  cases,  the  sex 
was  unknown,  and  in  others  the  numbers  were  insufficient  to 
separate  them  with  advantage;  finally,  both  scapulae  of  each 
individual  have  always  been  measured,  as  we  find  that  there  is 
often  considerable  variation  on  the  two  sides  of  the  body.  In 
several  of  the  series,  it  will  be  observed  that  an  odd  number  is 
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given :  this  arises  from  one  of  the  scapulsc  being  either  absent 
or  in  such  an  imperfect  condition  as  not  to  afford  reliable  points 
of  mensuration. 

We  have  endeavoured  to  establish  the  mean  dimensions  and 
indices  of  European  scapulte  from  a  sufficient  number  of  cases 
to  afford  a  safe  basis  of  comparison.  The  200  specimens 
measured  are  mostly  from  this  museum  or  other  anatomical 
collections  in  the  metropolis,  and  are  partly  English  and  partly 
— ^perhaps  in  largest  measure — French ;  there  may  be  a  few  of 
other  countries,  and  perhaps  even  of  other  races,  accidentally 
included,  but  the  number  of  the  latter,  if  there  are  any,  is  not 
sufficient  to  affect  the  average.  They  have  not  been  selected 
with  reference  to  any  particular  object  as  to  form,  size,  &c.,  but 
every  scapula  available  has  been  measured  until  a  number  which 
seemed  sufficient  for  the  purpose  was  obtained. 

The  general  result  is,  that  of  the  200  European  scapulae,  the 
average  scapular  index  is- 65*20,  while  the  infraspinous  index  is 
89'40.  These  are  the  indices  of  the  mean  dimensions,  which 
are:  breadth  (AB),  101-42;  length  (CD),  155-54;  and  infra- 
spinous length  (AD),  113*46.  Comparing  these  indices  with 
those  obtained  from  the  European  skeletons  in  Paris,  we  find 
that  the  general  results  obtained  by  Broca  and  ourselves  corre- 
spond very  closely.  M.  Broca  gives  the  scapular  index  of  the 
Europeans  as  rather  higher  than  the  index  we  obtained,  it  being 
in  his  skeletons  65*91 ;  whereas  the  infraspinous  index  obtained 
from  our  measurements  is  higher  than  his,  the  latter  being 
87'79 ;  however,  the  actual  difference  in  either  case  is  very  in- 
considerable. 

Although  possessing  a  fair  aggregate  number  of  skeletons  of 
different  nations,  unfortunately  we  have  not  a  sufficient  number 
of  any  particular  race,  except  of  Europeans,  and  perhaps  of 
Andamanese,  to  establish  satisfactorily  its  scapular  indices. 
However,  trusting  that,  by  the  addition  of  the  measurements  of 
those  we  possess  to  those  in  other  museums,  it  may  be  possible 
to  obtain  a  sufficient  number  for  this  purpose,  we  subjoin  a 
table  containing  the  number  of  scapulae  of  each  race  measured, 
and  their  scapular  and  infraspinous  indices.  The  measurements 
are  all  taken  in  millimetres,  with  the  sliding  callipers  commonly 
used  by  us  for  similar  purposes. 
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Table  L 


M.  Broca's 
Measurements. 

Race. 

Scapu- 
lar 
Index. 

Infra- 
spinous 
Index. 

Remarks  on 
M.  Broca's 
Measure- 
ments. 

No. 

Scapu- 

Infra- 

• 

> 

lar 

spinous 
index. 

Index. 

1 

2  Pernviaii  Scapols, . 
6  Tasinanian    do. 

57-8 

75  1 

68-02 

91-74 

1  skeleton. 

2 

60-3 

81-4 

• 

8 

4  F^RkicDO         do. 

61-6 

80-6 

i 

2  Samoyede     do. 

621 

89-5 

5 

2  Papaan         do. 

64-6 

87-6 

6 

2  Bomean        do. 

64-8 

89-8 

7 

2  Lapp             do. 

64-8 

89-1 

8 

200  Earopean      do. 

66-2 

89-4 

65-91 

87-79 

28  skeletons. 

9 

6  Bushman      do.      i 

667 

907 

60-96 

88-18 

1  skeleton. 

10 

2  Ancient  Egyptian  do. 

68  1 

98-8 

11 

12  Australian    do. 

68-9 

92*5 

12 

21  Andaman      do. 

69*8 

927 

13 

2  Tahitian       do.      . 

70-8 

95*6 

14 

6  Negro           do. 

71-7 

100-9 

68-16 

98-88 

25  skeletons. 

From  the  cases  in  which  only  two  scapulae  (those  of  a  single 
individual)  have  been  measured  nothing  can  be  inferred.  Of 
those  in  which  a  large  number  was  available,  the  Andamanese 
and  the  Australians,  as  might  be  expected,  conform  with  the 
N^o  type.  M.  Broca  has  remarked  that  the  two  skeletons  of 
the  Budi women  at  Paris  are  separated  completely  in  this  respect 
from  the  Negro,  and  enter  the  Caucasian  type,  their  scapular 
indices  being  below  61  in  both  cases,  and  the  infraspinous  index 
78*30  in  the  one  and  8318  in  the  other.  He  asks  whether  this 
is  an  individual  peculiarity,  or  whether  it  will  be  confirmed  as  a 
race  character  by  other  observations.  Of  our  three  skeletons, 
the  average  is  66*7,  the  highest  being  70*7,  and  the  lowest  63-7. 
The  average  infraspinous  index  is  90*7,  the  highest  being  94*0 
and  the  lowest  87*1 ;  so  that,  although  the  individual  differences 
are  great,  the  average  of  the  three  differ  but  little  from  that  of 
Europeans  in  both  measurements.  The  Tasmanians  also,  most 
unexpectedly,  differ  from  the  other  black  races,  the  average 
scapular  index  of  the  three  individuals  measured  being  only 
60*6,  the  maximum  66*0,  the  minimum  53*7,  while  the  average 
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infiaspinous  index  is  81*4,  the  maximum  being  90*5  (in  the 
bone  in  which  the  scapular  index  was  highest),  and  the  minimum 
721. 

We  have  also  measured  the  scapulae  of  all  the  adult  anthropoid 
apes  in  this  Museum  and  in  the  British  Museum.  It  will  be 
seen  that  our  figures  (in  the  first  columns)  correspond  in  the 
main,  very  nearly,  with  those  obtained  by  M.  Broca,  except  in 
the  case  of  the  orang-utan,  of  which  animal  we  have  had  the 
advantage  of  measuring  a  considerable  series,  giving,  of  course, 
an  average  more  to  be  relied  upon  than  the  single  specimen 
measured  by  M.  Broca. 

Table  II. 


Anthropoid  Apes. 

Scapalar 
Index. 

Inira- 

spinons 
Index. 

M.  Broca's  Measurementt. 

Of  5  skeletons 

10       do. 

1        do. 

7        do. 

Scapu- 
lar 
Index. 

Infra- 

siunons 

Index. 

21  Chimpanzee  Scapole,. 

16  GoriUa             do^ 

17  Orang-utan      do. 
8  Gibbon             do. 

69-9 
72-2 
77-6 
96-5 

188-8 
182-6 
103-8 
201-2 

68-52 
70-88 
69-27 
96-97 

180-28 

126-05 

97-46 

198-56 

Vf)L.  XIV. 
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ON  THE  VARIETIES  OF  THE  ATLAS  IN  THE  HUMAN 
SUBJECT,  AND  THE  HOMOLOGIES  OF  ITS  TRANS- 
VERSE PROCESSES.  By  William  Allen,  M.D.,  Senior 
Demonstrator  of  AnaJLomy^  University  of  Glasgow.    (Plate  IL) 

Part  I. — Varfeties. 

Mt  attention  having  been  lately  directed  to  an  abnormal  atlas 
in  a  subject  undergoing  dissection  in  the  rooms,  I  have  been 
led  to  make  some  inquiries  as  to  the  numerous  variations  ex- 
hibited by  this  bone,  with  a  view  to  their  classification. 

These  variations  are  not  confined  to  any  one  particular  part 
of  the  bone,  but  are  found  most  frequently  in  the  transverse 
processes,  and  next  to  them  in  the  posterior  arch,  while  in  the 
anterior  arch  they  are  comparatively  rare,  and,  as  far  as  my 
observations  go,  the  lateral  masses  are  not  subject  to  any  striking 
variation  except  the  slight  differences  in  depth  of  the  superior 
articular  surfaces  which  exist  at  the  different  periods  of  life.^ 

The  f(»llowing  description  of  those  abnormalities  is  given  in 
their  order  of  frequency,  and  therefore  the  specimen  which  first 
attracted  my  notice,  although  interesting  on  account  of  its  clinical 
importance,  will  not  be  referred  to  till  after  most  of  the  others. 

I.  Transverse  Processes. — Normal  Anatomy. — The  most 
constant  arrangement  of  this  part  is  with  the  arterial  foramen 
piercing  its  base  and  its  two  elements  more  intimately  fused 
beyond  the  foramen  than  in  vertebrae  lower  down  the  series. 
The  two  parts  have  slightly  different  directions ;  the  anterior 
element  *  passes  downwards  and  outwards,  while  the  transverse 
element  proper  passes  directly  outwards,  with,  in  some  cases,  a 
slightly  upward  inclination,  and  the  common  extremity  is  in  the 
form  of  a  rough  ridge  running  obliquely  downwards  and  forwards. 

*  These  differences  in  depth  are  coincident  with  the  changes  of  the  occipital 
condyles,  which  have  for  their  ohject  the  perfect  halance  of  the  head  on  the 
vertebral  column,  necessitated  by  the  peculiar  mode  of  growth  of  the  skulL — 
Cleland  "  On  the  Variations  of  the  Skull,"  Phil.  Trans.  1870,  p.  160. 

'  This  part,  to  follow  the  morphological  significance  attached  to  the  similarly 
situated  part  of  the  typical  cervical  vertebrie,  should  merit  the  title  of  ''costal,'* 
but,  as  wiU  beseen  in  Part  II.,  its  serial  homology  is  different  from  what  has  been 
supposed. 
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The  same  obliquity  occurs  in  the  axis.  It  is  a  remarkable  fact 
that  this  obliquit J  is  in  the  reverse  direction  to  that  of  the  bifid 
extremity  of  the  transverse  processes  of  the  typical  cervical 
vertebrae,  and  that  the  only  exception  is  in  the  case  of  the 
vertebra  prominens,  when  its  costal  element  bears  evidence  of 
being  autogenously  developed. 

This  is  sufficient  to  lead  one  to  suspect,  what  will  be  after* 
wards  shown,  that,  in  the  first  two  vertebrae  the  development 
of  the  costal  element  differs  from  that  in  the  other  cervical 
vertebrae;  and  that  the  difference  is  one  of  increase,  is  to  be  con* 
jectured  by  the  comparison  with  the  vertebra  prominens. 

Abnormal  Anatomy. — ^The  anterior  element  of  the  transverse 
process  may  be  absent,  leaving  the  arterial  foramen  open  in  front, 
and  the  artery  protected  externally  by  a  large  tubercle. 

The  transverse  element  proper  I  have  never  seen  absent, 
although  it  may  be  diminished  in  size.  The  abnormalities  which 
most  frequently  affect  it,  consist  of  exaggerated  development. 
Increase  of  length  produces  bifidity  (fig.  1).  Increase  in  an 
upward  direction  may  cause  a  bridge-hke  expansion  of  bone  to 
stretch  inwards  to  the  external  edge  of  the  superior  articulating 
surface,  comjdeting  a  foramen  which  looks  towards  the  front,  to 
give  passage  to  the  anterior  division  of  the  first  cervical  nerve 
(figs.  3  and  4).  This  condition  is  constant  in  a  good  many 
mammals,  e.g.,  ruminants. 

In  two  instances  coming  under  my  notice,  a  strong  process 
passes  upwards  to  the  under  part  of  the  processtis  jugvlaris 
of  the  occipital  bone.  In  both  cases  the  processes  are  thick  and 
rounded.  One  of  them  (fig.  2),  after  passing  upwards  for  a 
short  distance,  is  then  directed  inwards  towards  the  atlanto- 
occipital  articulation,  producing  a  deep  notch  by  which  the 
anterior  division  of  the  suboccipital  nerve  passes  forwards.  In 
the  other  case  (fig.  5)  the  process  passes  upwards,  and  forms  a 
junction  with  the  jugular  process,  the  junction  being  in  the  form 
of  a  round  vertical  pillar,  having  an  oblique  groove  passing  round 
its  middle.  This  groove  indicates  the  original  formation  of  the 
pillar  from  two  parts  which  at  first  articulated  by  opposed 
oblique  surfaces,  but  became  afterwards  fused,  as  did  also  in  this 
specimen  the  opposed  normal  surfaces  of  the  atlas  and  occipital 
condyles. 
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This  articulation  between  atlantal  transverse  process  and 
jugular  process  of  the  occipital,  is  analogous  to  the  articulations 
formed  between  the  lumbar 'transverse  processes  of  solipeds, 
in  consequence  of  their  increase  in  an  anteroposterior  direc- 
tion. 

Normally  such  a  state  of  matters  exists  in  the  human  subject 
at  the  articulations  between  the  lateral  masses  of  the  sacrum.  As 
a  proof  of  the  similarity,  it  may  be  mentioned  that  when  the  last 
lumbar  vertebra  has  a  lateral  mass  on  one  side,  like  a  sacral 
vertebra,  nnited  with  the  sacrum,  while  only  a  transverse  process 
exists  on  the  other  side,  the  junction  is  accompanied  with  eleva- 
tion of  the  lumbar  vertebra  on  that  side,  and  so  also  in  this  case 
the  junction  of  transverse  process  with  jugular  process  of  occipital 
is  accompanied  by  a  similar  elevation,  as  may  be  seen  easily  when 
the  side  of  junction  is  compared  with  the  normal  side  (fig.  5). 

II.  Posterior  Arch. — ^Variations  of  this  part  may  take  the 
form  of  either  increased  or  deficient  development.  The  posterior 
tubercle  may  be  enlarged  and  form  a  prominent  spine,  either  single 
(fig  6.)  or  bifid. 

The  laminse  may  be  increased  in  depth,  but  this  seems  in  the 
majority  of  cases  to  be  due  to  a  rising  upwards  of  the  superior 
edge.  Perhaps  this  may  be  connected  with  the  presence  of  a 
separate  centre  of  ossification  known  to  be  sometimes  present  in 
this  situation.  As  a  rare  occurrence  small  articular  facets  are 
formed  between  the  laminse  and  the  edge  of  the  occipital  bone 
which  circumscribes  the  foramen  magnum  posteriorly. 

A  spicule  of  bone  often  has  its  origin  behind  the  groove,  ^ 
which  gives  passage  to  the  vertebral  artery  and  suboccipital 
nerve,  and  crossing  these  structures,  abuts  against  the  posterior 
part  of  the  superior  articulating  surface. 

Deficient  development  usually  is  seen  as  a  gap  between  the 
lateral  halves  of  the  arch,  but,  as  will  be  pointed  out  further  on 
(lY,  3.),  it  is  doubtful  if  in  all  cases  want  of  ossification  can  be 
laid  down  as  the  cause  of  the  deficiency.     One-half  of  the 

^  The  point  of  origin  of  this  spicnle  is  in  the  position  of  the  obliqne  processeB  of 
the  typical  cemcal  vertebne,  viz.,  between  lamina  and  pedicle,  it  is  a  constant 
stmctore  in  most  mammals,  and  is  to  be  looked  npon  as  the  homologue  of  the 
superior  obliqne  process. — Cleland  On  the  Homologies  of  Axis,  Atlas,  and  OceipUal 
Bone,  in  Nat  Hist.  Rev,,  April  1861. 
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posterior  arch  may  be  absent,  but,  as  a  rule,  this  oiily  occurs 
when  adhesion  exists  between  the  atlas  and  occipitaL 

I  have  seen  one  case  where  the  arch  crosses  the  middle  line, 
but  presents  a  gap  posterior  to  the  lateral  mass  of  one  side  to 
the  extent  of  about  a  fifth,  leaving  one  to  imagine  that  the  four- 
fifths  of  the  arch  were  ossified  by  growth  from  one  side  only ; 
this  conjecture  is  strengthened  by  the  fact  that  from  the  point 
of  origin  behind  the  lateral  mass  the  arch  gets  more  and  more 
attenuated  till  it  ends  in  a  free  point  behind  the  lateral  mass  of 
the  opposite  side.  In  the  case  to  be  mentioned  in  more  detail 
further  on,  the  posterior  arch  was  altogether  deficient.  Absence 
of  the  posterior  tubercle  and  reduction  of  the  arch  to  a  mere  ring, 
are  cases  of  minor  importance  occasionally  met  with. 

IIL  Anterior  Arch. — ^Normally  this  part  has  a  centre  of 
ossification  appropriated  to  itself,  and  osseous  growth  extends 
from  this  towards  the  lateral  mass,  from  which  it  is  separated 
by  a  suture.  This  suture  usually  becomes  obliterated  about 
the  sixth  year  (Quain's  Anatomy),  but  in  rare  cases  it  may  remain 
for  a  considerably  longer  time.^ 

When  the  centre  for  the  arch  fails  to  make  its  appearance, 
ossification  then  extends  to  the  middle  line  from  the  lateral 
masses,  and  in  such  cases  when  the  osseous  growth  is  feeble,  a 
mesial  suture  may  remain  permanently.' 

A  less  important  abnormality  of  the  anterior  arch  is  the  occur- 
rence of  an  enlarged  anterior  tubercle,  which  projects  downwards 
in  front  of  the  body  of  the  axis  as  is  normal  in  many  of  the 
monkeys. 

IV.  Varieties  involving  more  than  one  part. — Besides  the 
cases  of  abnormality  which  are  confined  to  one  of  the  parts  of 
the  atlas,  there  are  others  in  which  variation  extends  over  several 
parts.  Under  this  head  may  be  mentioned,  first,  fusion  with 
neighbouring  bones;  secondly,  deficient  development  of  both 
anterior  and  posterior  arches ;  thirdly,  deficiency  of  the  posterior 
arch,  with  the  rest  of  the  bone  somewhat  altered  in  shape. 

1.  In  fusion  of  the  atlas  the  junction  is  usually  with  the  occipital 
bone,  the  superior  articular  surfaces  and  occipital  condyles  being 

'  See  a  case  mentioued  and  figured  by  Humphry,    Treaiise  on  the  Human 
SkdeUm,  p.  181,  in  which  a  lateral  suture  remained  up  to  adult  life. 
*  Professor  Humphry,  loc,  cU,,  describes  a  specimen  showing  this  peculiarity. 
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ran  into  one  another,  but,  as  a  rule,  not  to  such  an  extent  as  to 
obliterate  all  traces  of  their  original  separation. 

In  addition  to  the  lateral  masses,  the  arches  may  also  be  united 
more  or  less  by  their  edges  to  the  corresponding  maigin  of  the 
foramen  magnum.  It  has  been  suggested  that  these  changes  axe 
the  result  of  early  inflammatory  action,  and  thus  it  may  be  ex- 
plained that  in  some  cases  we  see  adhesion  of  one  part  of  the 
atlas  coexisting  with  absorption  of  other  of  its  parts. 

Luschka^  has  described  such  a  case,  in  which  the  lateral 
masses  and  upper  edge  of  the  anterior  arch,  as  well  as  half  of 
the  posterior  arch,  were  joined  with  the  corresponding  parts 
of  the  occipital  bone,  while  the  other  half  of  the  posterior  arch 
was  absent. 

Boxhammer^  has  described  another  case.  In  it  the  lateral 
masses  were  completely  fused  with  the  occipital  condyles ;  the 
anterior  arch  was  perfect  and  free ;  the  posterior  arch  was  open 
in  the  middle,  one  of  its  halves  being  firee,  the  other  completely 
fused  with  the  occipital. 

Another  case  has  been  more  recently  described  by  Schiffner.' 
The  atlas  was  so  intimately  fused  with  the  occipital  bone  as  to 
be  with  difficulty  detected ;  also  its  lateral  masses  were  so  little 
developed  and  so  displaced  as  to  allow  the  occipital  condyles  to 
articulate  with  the  axis  directly.  The  axis,  in  its  turn,  was  fused 
with  the  third  cervical  vertebra,  the  assimilation  between  their 
arches  being  so  great  as  to  give  one  the  impression  that  the  com- 
mon spine  belonged  more  to  the  third  vertebra  than  to  the  second. 

2.  The  case  to  which  I  have  referred  at  the  commencement 
of  this  communication  is  one  in  which  deficiency  occurred  in 
both  the  fore  and  hinder  arches.  It  existed  in  an  aged  female 
dissected  in  the  Anatomical  Booms  of  this  University. 

Its  peculiarities  are  as  follows : — 

The  posterior  arch  is  altogether  deficient;  a  symphysis  is 
present  in  the  middle  of  the  anterior  arch,  and  admits  of  a  con- 
siderable amount  of  movement;  the  transverse  processes  and 

^  Die  AnaUmie  des  MenaMichen  ffalses,  1862,  §  85. 

'  ZtUaekrifl  fUr  rationelle  Ifedicin,  8  Reihe,  Band  15,  "  Die  angebomen 
Bynostosen  an  den  Enden  der  bewerUchen  WirbelsauJe.'* 

•  Virchow'g  Archiv,  vol.  Izxiv.  p.  820,  **Uel)er  die  Architector  des 
Schadelgrundes  iu  der  norm  und  bei  Assimilation  des  Atlas.** 
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lateral  masses,  including  the  articulations,  are  nonnal.  On 
making  a  dissection  of  the  soft  parts,  the  vertebral  artery  and 
suboccipital  nerve  were  found  in  normal  relation  to  the  lateral 
masses,  and  supported  by  a  strong  bundle  of  ligamentous  fibres, 
which  on  each  side  sprang  from  a  slight  tubercle  behind  the 
lateral  mass.  The  fibres  of  each  bundle  traced  backwards  radiated 
and  interlaced  with  vertical  fibres  which  united  the  posterior 
margin  of  the  foramen  magnum  with  the  arch  of  the  axis,  and 
might  be  looked  on  as  representing :  the  posterior  atlanto-axial 
and  atlanto-ocdpital  ligaments  directly  continuous  with  one 
another.  The  middle  part  of  the  anterior  atlanto-axial  ligament 
is  in  the  form  of  a  fiat  band,  stronger  than  usual,  which  superiorly 
is  bifurcated  and  attached  on  each  side  of  the  symphysis. 

On  rotation  of  the  head,  motion  takes  place  at  the  abnormal 
joint ;  partly  angular,  partly  rotatory  in  character.  When  the 
occiput,  atlas,  and  axis  are  placed  with  their  mesial  parts  super- 
imposed, the  normal  imperfect  apposition  of  the  opposed  atlanto- 
axial articular  surfaces  is  seen,  and  the  anterior  surfaces  of  the 
halves  of  the  atlas  are  nearly  in  the  same  straight  line,  but  when 
the  head  is  rotated  this  straight  line  is  broken  into  two,  which 
form  an  angle  projecting  forwards. 

At  the  same  time  another  movement  can  be  detected;  the 
upper  edge  of  the  transverse  process  which  advanced  is  twisted 
downwards  and  forwards,  while  that  of  the  opposite  transverse 
process  is  twisted  downwards  and  backwards,  these  different 
movements  being  produced  by  the  superimposed  facets  of  either 
side  being  brought  into  more  perfect  coaptation,  the  joint  in  front 
allowing  this  to  be  more  perfect  than  usual 

During  the  rotation  of  the  head,  and  the  consequent  angular 
motion  induced  between  the  lateral  halves  of  the  arch,  a  slight 
slackening  of  the  transverse  ligament  of  the  atlas  takes  place, 
also  a  slight  narrowing  of  the  transverse  measurement  of  the 
atlantal  part  of  the  spinal  canal ;  but  displacement  backwaids  of 
the  odontoid  process  is  prevented  by  an  unusually  strong  sus- 
pensory ligament,  and  the  narrowing  of  the  canal  compensated 
for  by  the  absence  of  the  laminae. 

It  is  unfortunate  that  the  history  of  the  subject  is  unknown, 
but  it  is  likely  that  no  injurious  consequences  resulted  from  the 
abnormal  condition  of  the  parts. 
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A  case  nearly  similar  to  this,  described  b^  Knssmohl,  and 
referred  to  by  Luschka,^  is  interesting  on  account  of  the  clinical 
history  being  known.  An  epileptic  boy,  aged  12,  was  observed 
to  have  a  convulsive  attack  after  every  strong  movement'  of  the 
head  to  either  side.  After  death  the  atlas  was  found  to  have  a 
deficiency  in  its  posterior  arch,  and  a  very  mobile  joint  in  the 
centre  of  the  anterior  arch.  The  imperfect  laminae  were  caused 
to  overlap,  whenever  the  head  was  rotated,  a  oonsfaiction  of  the 
canal  being  brought  about ;  and  this  no  doubt  was  the  cause  of 
the  epileptic  seizures,  by  producing  pressure  and  irritation  of 
the  membranes  of  the  cord. 

3.  A  specimen  (fig.  8)  which  I  have  lately  met  with  is  a  good 
example  of  deficiency  of  the  posterior  arch,  accompanied  with  a 
peculiar  alteration  in  the  shape  of  the  ring  of  that  bone.  As  will 
be  seen  anon,  it  is  likely  to  have  some  obstetrical  interest  attached 
to  it  The  peculiarities  of  the  specimen  consist  of  a  deficiency  of 
the  posterior  arch,  accompanied  by  an  increase  of  the  width  of 
the  spinal  canal;  the  anterior  arch  is  perfect,  but  nearly  straight, 
and  the  transverse  processes  are  depressed  and  thrown  forwards 
to  such  an  extent  that  their  front  parts  lie  in  the  same  line  as 
the  anterior  arch. 

By  pressing  on  the  sides  of  the  laminse,  their  free  ends  are 
approximated  so  as  to  close  the  posterior  deficiency  and  reduce 
the  width  of  the  spinal  canal  to  its  normal  dimensions.  By  this 
means  also  the  proper  curve  is  given  txs  the  anterior  arch,  and 
the  tips  of  the  transverse  processes  made  to  assume  a  more 
natural  direction.  One  can  easily  see  that  in  this  case,  deficiency 
of  osseous  growth  does  not  account  for  the  abnormal  appearance 
.  of  the  bone.  The  abnormalities  seem  to  me  to  be  due  to  some 
force,  which  had  at  an  early  period  acted  wedge-like  between  the 
back  parts  of  the  atlantal  articular  surfaces,  and  caused  their 
separation,  and  thus  altered  the  direction  of  the  transverse 
processes,  as  well  as  produced  the  disjunction  between  the 
halves  of  the  posterior  arch  which  had  up  to  that  time  been 
united.  The  effect  is  such  as  might  result  from  the  forcing  of 
the  wide  back  parts  of  the  occipital  condyles  forwards  between 
the  anterior  narrower  parts  of  the  superior  articular  surfaces  of 
the  atlas  by  strong  extension  of  the  head  on  the  vertebral 

'  Anatoniie  des  Meruchen, 
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column  in  parturition,  in  cases  of  face  presentation,  and  it  is 
highly  probable  that  this  is  the  explanation.  The  coupling 
together  of  the  anterior  parts  of  the  lateral  masses  by  the 
transverse  ligament,  effects  the  preservation  of  the  anterior  arch, 
and  at  the  same  time  makes  each  extremity  of  that  arch  act  as 
a  centre  round  which  the  lateral  mass  is  rotated  in  the  move- 
ment outwards  of  its  back  part,  which  is  produced  by  the  occipital 
condyle. 

Part  II. — ^The  Homologt  of  the  Transverse  Processes  of 

THE  ATLA& 

The  anterior  part  of  the  transverse  processes  of  the  typical 
cervical  vertebrae  is  now  usually  looked  on  as  the  homologue  of 
a  rib,  its  extremity  being  comparable  with  the  body,  its  point  of 
origin  with  the  head,  and  the  part  directly  in  front  of  the  arterial 
foramen  with  the  neck  of  a  rib.  This  part  in  the  atlantal  and 
axial  transverse  processes  has,  however,  a  somewhat  different 
morphological  signification  from  that  of  the  typical  cervical 
vertebrae.  This  is  not  easily  made  out  by  a  comparison  of  the 
dry  bones,  but  requires  a  survey  of  their  attached  soft  parts  as 
welL  If  the  series  of  cervical  intertransverse  muscles  be  traced 
upwards  towards  the  head  it  will  be  seen  that,  while  the  posterior 
intertransverse  muscles  pass  between  the  tips  of  the  posterior 
row  of  tubercles  of  all  the  cervical  vertebrae,  and  are  continued 
up  to  the  head  by  the  recttis  capitis  lateralis,  the  anterior 
muscular  slips  pass  in  the  lower  part  of  the  region  between  the 
anterior  tubercles ;  but  on  tracing  the  series  upwards,  the  con- 
tinuity with  the  axis  is  seen  to  be  effected  by  a  muscular  slip 
which  passes,  not  to  the  extremity  of  the  tip  of  the  transverse 
process,  but  to  a  rough  mark  in  front  of  the  superior  articular 
surface.  A  similar  slip  of  muscle  is  continued  up  from  this 
roughness,  passing  across  the  front  of  the  atlanto-axial  articula* 
tion  to  a  corresponding  roughness  in  front  of  the  anterior  root  of 
the  atlantal  transverse  process,  and  this  muscle  is  in  its  turn  con- 
tinued up  to  the  head  by  the  rectvs  capitis  anticvs  miTwr  muscle. 

But  if  the  series  of  anterior  intertransverse  muscles  is  con- 
tinued upwards  by  the  rectvs  capitis  anticm  minar^  similarly  as 
the  posterior  series  is  continued  by  the  rectus  capitis  lateralis,  it 
obviously  follows  in  the  one  case,  as  in  the  other,  that  the  portions 


26  DR  WILUAM  ALLEN. 

of  bone  to  which  these  muscular  slips  are  attached  are  also  serially 
homologous. 

If  it  be  admitted  that  the  anterior  tubercles  of  the  transverse 
processes  of  the  lower  cervical  vertebrae  are  in  series  with  the 
bodies  of  the  ribs,  then  the  body  of  the  rib  is  in  the  atlas  and 
axis  represented  by  the  roughness  in  front  of  the  anterior  root  of 
the  transverse  process  in  each  of  these  vertebne;  the  anterior 
portion  of  the  transverse  process  beyond  this  being  homologous 
with  the  spicule  of  bone  stretching  in  the  typical  cervical 
vertebrae  between  the  anterior  and  posterior  tubercles ;  in  other 
words,  it  is  the  representative  of  a  greatly  elongated  rib-tubercle 
such  as  exists  in  the  Crocodilia. 

Conclusive  proof  of  the  correctness  of  these  statements  is 
obtained  by  observing  the  mode  of  exit  of  the  anterior  divisions 
of  the  spinal  nerves ;  in  the  lower  cervical  region  they  emei^ 
between  the  anterior  and  posterior  intertransverse  muscles,  and 
in  the  atlas  the  anterior  division  of  the  first  spinal  nerve  escapes 
between  the  rectus  capitis  laieralis  and  recttis  capitis  arUicus 
minor;  further,  the  position  of  the  nerve  on  the  anterior  root  of 
the  transverse  process  of  the  atlas,  points  out  the  correspondence 
of  that  part  with  the  bridge  of  bone  uniting  the  anterior  and 
posterior  tubercles  of  the  transverse  processes  of  the  five  lower 
cervical  vertebrae. 

Explanation  op  Platb  II. 

Fig.  1.  Under  surface  of  atlas  with  bifid  transverse  procesa 

Fig.  2.  Left  half  of  atlas  seen  from  the  front,  showing  a  growth  of 
bone  springing  from  the  upper  surface  of  the  transverse  process  and 
passing  towards  the  jugular  process  of  the  occipital  bone. 

Fig.  3.  Atlas  from  above,  showing,  a,  spicule  of  bone  springing  from 
posterior  arch  at  the  upper  surface  of  the  point  of  junction  of  lamina 
and  pedicle,  and  passing  over  the  position  of  nerve  and  artery  to  the 
back  part  of  the  superior  articular  surface ;  &,  a  second  spicule  of  bone 
passing  from  upper  surface  of  transverse  process  to  the  outer  edge  of 
the  superior  articular  surface,  and  crossing  the  place  of  exit  of  the 
anterior  division  of  the  first  spinal  nerve.  A  probe,  c,  is  represented 
passing  through  the  abnormal  foramina. 

Fig.  4.  The  same  atlas  seen  from  the  front,  showing  the  foramen 
which  looks  forwards  and  gives  passage  to  the  anterior  division  of  the 
first  spinal  nerve. 

Fig.  6.  Occiput  and  atlas  fused  together,  posterior  view ;  the 
abnormal  pUlar  described  in  the  text  is  shown ;  also  the  atlas  and  base 
of  skull  are  seen  to  be  further  separated  on  that  side. 
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Fig.  6.  Shows  a  large  anterior  and  posterior  tubercle. 

Fig.  7.  Shows  an  imperfect  posterior  arch,  also  a  suture  in  the  middle 
of  the  anterior  arch,  and  on  the  left  side  a  deiiciency  of  the  anterior 
root  of  the  transverse  process. 

Fig.  8.  Atlas  with  posterior  arch  open  and  transverse  process  thrown 
forwards,  probably  from  the  cause  suggested  in  the  text. 

Fig.  9.  Semi-dia:;rammatic  view  of  the  abnormal  atlas  described,  in 
which  the  posterior  arch  is  absent,  and  the  anterior  in  two  part& 

Figs.  10,  11,  and  12  represent  the  left  halves  of  a  normal  atlas,  axis, 
and  typical  cervical  vertebrae ;  the  same  letters  in  each,  point  to  the 
homologous  parts — a  represents  the  position  ot  the  point  in  each  which 
corresponds  to  the  tip  of  a  rib,  h  to  the  rib  tubercle,  c  to  the  tip  of  tlie 
transverse  process  proper. 


NOTE  BY  PEOFESSOE    CLELAND  ON  DE    ALLEN'S 

PAPER 

The  remeurkable  sequence  of  parts  in  the  transverse  processes 
of  the  atlas,  axis,  and  succeeding  cervical  vertebrse  demonstrated 
by  Dr  Allen,  is  a  most  important  correction  of  the  views  hitherto 
held  on  the  subject.  To  me  it  has  an  additional  interest  in  con- 
nection with  the  transverse  and  lateral-odontoid  ligaments,  the 
sequence  of  which  with  the  ligamenta  conjugalia  costarum  of  the 
lower  animals  I  indicated  in  1861  Qoe,  cit.).  Inasmuch  as  the 
whole  anterior  part  of  the  transverse  process  of  the  atlas  corre- 
sponds with  the  tubercle  of  a  rib,  the  lateral  mass  must  be  re- 
garded as  containing  within  it,  undififerentiated  from  its  vertebral 
part,  a  costal  element  corresponding  with  the  head  and  neck  of 
a  developed  rib.  It  corresponds  not  merely  with  that  part  of 
the  body  in  other  vertebrce  which  is  developed  from  the  arch 
and  supports  in  the  cervical  region  the  joints  of  Luschka,  in  the 
dorsal  r^on  the  facets  for  the  heads  of  the  ribs,  but  is  the  re- 
presentative likewise  of  the  head  and  neck  of  the  developed  rib, 
and  the  part  of  the  transverse  process  situated  in  the  lower 
cervical  vertebrsB  in  front  of  the  arterial  foramen.  This  is  a 
circumstance  to  be  taken  into  account  when  considering  the 
large  size  of  the  lateral  mass  of  the  atlas ;  and  it  completes  the 
correspondence  of  the  transverse  ligament  with  a  ligamentuxn 
conjugale,  inasmuch  as  the  parts  to  which  the  transverse  liga« 
ment  is  attached  have  the  heads  of  a  pair  of  ribs  incorporated 
with  them.    The  occipital  extremities  of  the  lateral  odontoid 
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ligaments  are  attached  to  parts  of  the  occipital  bone  correspond- 
ing with  the  attachments  of  the  transverse  ligaments,  some  of 
their  fibres  passing  directly  across,  while  others  issue  from  the 
odontoid  process  of  the  axis,  the  true  centrum  of  the  atlas;  and 
this  arrangement  is  very  similar  to  that  of  the  ligamentum  con- 
j^  in  ^„u™.U,  .Le  n«m»ous  fibre,  spruj  ftom  .  body 
of  a  vertebra ;  only  in  that  case  they  come  from  the  centrum  of 
the  preceding  vertebra,  while  in  the  case  of  the  odontoid  liga- 
ments, they  arise  from  the  centrum  of  the  vertebra  succeeding. 
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Sir  James  Paget  obeerves :  "  The  scirrhous  or  hard  cancers  in 
the  breast  are  very  far  from  being  so  uniform  that  they  may  be 
briefly  described.  I  believe  that  they  are  always  primary 
cancels ;  always  infiltrations,  and  almost  always  seated  in  the 
first  instance  in  some  part  of  the  mammary  gland ;  but,  when 
we  compare  their  other  characters  in  any  large  number  of  speci- 
mens, we  find  in  them  many  and  great  diversities/'  ^  In  the 
course  of  this  paper  I  shall  exclude  from  view  the  diversities  of 
structure,  and  direct  attention  solely  to  those  characters  upon 
which  the  hard  cancers  of  the  breast  may  be  generalised,  and 
chiefly  to  their  remarkable  infiltrating  property.  And  still 
further  to  define  the  limits  of  this  inquiry,  I  shaU  set  aside  at 
the  outset  those  hard  tumours  of  the  breast  which  have  the  ex- 
ternal characters  of  scirrhus,  but  do  not  prove  to  be  infiltrations. 
Among  them  are  cases  where  the  hardness  depends  largely  on 
the  great  amount  of  chronic  inflammatory  tissue  that  encloses 
the  scattered  areas  of  glandular  structure :  such  cases  have  been 
sometimes  included  in  the  not  very  logical  class  of  carcirumia 
atrophicum.  The  tumours  that  are  worthy  of  being  called 
cancers  are,  as  Sir  James  Paget  says,  "  always  infiltrations ; "  and 
he  afterwards  explains  the  term  infiltration  to  mean  that  certain 
structures  proper  to  cancer  are  inserted  araong  the  tissues  of  the 
hrectst  amd  parts  adjoining.  The  formation  of  a  scirrhous  cancer 
of  the  breast  consists  in  the  production  of  peculiar  structures  in 
the  irUergtices  of  the  proper  tissue  of  the  part.  Every  one  will 
admit,  without  being  committed  to  the  particular  form  of  words, 
that  the  salient  feature  of  the  disease  is  here  indicated.  In  like 
manner,  the  definition  of  the  disease  by  Johannes  Miiller  brings 
into  prominence  its  encroaching,  invading,  or  supplanting  cha- 
racter.   "  Those  tumours  may  be  called  cancerous,"  he  observes, 

*  Lectures  on  Surgical  PcUhologyf  8d  ed.,  edited  by  Turner,  p.  606. 
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which  sapetBede  the  natural  structure  of  the  tissues.  .... 
Vessels,  muscles,  nerves,  glands,  bones — all  tissues,  however 
different — ore  drawn  into  the  same  caucerous  degeneration."' 
The  groups  of  tumour-cells  appeared  to  him  to  spring  up  in  the 
interstices  of  the  sound  tissues  from  some  hypothetical  semtntum 
mvrbi ;  so  little  relatiou  did  they  seem  to  have  to  the  normal 
elemente  among  which  they  were  placed  That  unaccountahle 
appearance  of  cancer-cells  in  the  midst  of  healthy  tissues  may  be 
most  clearly  seen,  he  remarks,  in  eardnoma  alveolare  of  the 
stomach,  in  the  cell-collections  that  spring  up  at  various  points 
throughout  the  muscular  coats.  This  mode  of  representing  the 
stmctore  and  properties  of  cancer, 
r    ,  though  it  is  joined  to  a  hypothesis 

of  cell -formation  that  is  now  ob- 
solete, has  the  great  merit  of  em- 
phasising those  features  of  the 
disorder  to  which  the  chief  atten- 
tion must  always  be  directed. 
Taking  up  the  question  of  the 
pathol(^  of  the  disease  at  the 
point  where  Miiller  left  it,  and 
still  exalting  the  infiltrating  or 
invading  character  to  the  seme 
prominence,  Virchow  advanced 
the  important  modem  doctrine 
that  the  tumo»u--cella,  however 
unlike  they  may  be  to  the  ele- 
ments among  which  they  lie,  are 

„     .     „  _.        ,  ^    ,      .       derived    from    the    pre-existinc 
Fig.   I.— Portion    of  tendoD  in  a  "^  ° 

grannlating  stump  of  the  1«g.  xSOO.  normal  elements  by  a  process  of 
transform  atioD.  Ho  asserted  that 
the  cells  of  the  all-pervading  connective  tissue  were  the  elements 
out  of  whicli  the  tumour-cells  grew;  he  at  the  same  time 
admitted  the  epithelial  character  of  the  tumour-cells,  and  he 
pointed  out  that  they  chiefly  affected  an  alveolar  grouping  in  the 
midst  of  the  fibres  of  the  connective-tissue  stroma.  The  con- 
nective-tissue bells  were  often,  in  health,  almost  hidden  from 
'  t'rtrr   dm   feintrm    Ban     drr    krankliqflm    OfsrhimlaU,      B^lin,    1838, 
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view  by  the  fibres,  but  if  a  tract  of  connective  tisane  became  the 
subject  either  of  inflammation  or  of  cancer,  the  cells  started  up 
into  sudden  prominence,  assuming  in  the  one  case  the  more 
featureless  form  of  pus-cells  or  of  granulation-cells,  and  in  the 
other  ease  a  certain  more  particular  form  of  tumour-cells.  The 
adjoining  woodcut  (fig.  1),  showing  a  portion  of  tendon  from  a 
granulating  stump,  wiU  enable  me  to  illustrate  this  i)0]nt  briefly. 
In  a  healthy  tendon  prepared  in  the  same  way,  few  or  none  of 
the  flat  tendon-cells  would  have  been  visible,  or  at  most  they 
would  have  appeared  as  more  or  less  interrupted  linear  streaks 
of  granular  substance ;  but  in  the  inflamed  tendon  the  flat  cell- 
plates  have  swollen  up,  becoming  cubical  or  spherical,  and  have 
asserted  their  presence  amoi^  the  tendon  bundles  and,  in  adjoin- 
ing parts  of  the  preparation,  it  may  be  observed  that  dense  rows 
of  granulation-cells  have  sprung  from  the  same  hidden  source. 

When  the  ordinarily  quiescent  cells  of  tJie  connective  tissue 
are  roused  to  activity  as  if  by  some  influence  passing  over  them, 
the  first  stage  brings  them  to  a  condition  resembling  the  em- 
bryonic condition  as  r^ards  plumpness  and  the  granular  character 
of  their  substance.  This  is  the  phase  of  which  Virchow  writes : 
"There  is  a  stage  at  which  one  cannot  decide  with  certainty 
whether,  in  a  particular  part,  we  have  simply  to  do  with  the  pro- 
cesses of  growth,  or  with  the  development  of  a  heteroplastic 
destructive  formation."*  The  indifierent  cells  of  that  period 
assume  afterwards  their  distinctive  character,  *'  according  to  the 
specialities  of  the  excitation"  (Je  r^ach  den  Besonderheiien  der 
Btiaung).  Further  than  this  generality  Virchow  does  not 
appear,  in  any  of  his  writings  hitherto,  to  have  committed  him- 
self to  an  explanation  of  the  epithelial  type  of  the  cells  that 
grow  up  from  the  connective  tissue  in  cancers  of  the  breast, 
stomach,  intestine,  uterus.  Those  organs  are  at  least  epithelial 
in  their  essential  structure,  and,  although  Virchow  declares  that 
their  epithelial-like  tumour  elements  never,  grow  from  their 
epithelial  surface,  but  always  from  the  connective  tissue  of  the 
subjacent  regions,  the  fact  that  the  organ  itself  is  epithelial  may 
seem  to  hold  out  the  prospect  of  an  explanation.  There  are, 
however,  says  Virchow,  primary  cancers  of  bone,  of  lymphatic 

*  Cellular  Pathologie,  4th  edition,  p.  688. 
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glands,  of  the  brain  substance,  situations  in  which  no  epitheliam 
occurs;  he  declares,  therefore,  for  the  ''primary  heteroplasia  ot 
all  cancers  y"  and  if  we  may  venture  to  add  a  gloss  to  that  text, 
it  appears  to  signify  that  the  epithelial  character  of  its  cells  and 
their  alveolar  grouping  are  fundamental  properties  of  cancer, 
just  as  the  less  pronounced  features  and  more  casual  grouping 
of  granulation  and  pus-cells  are  fundamental  properties  of  in- 
flammation. Writers  subsequent  to  Yirchow  have  not  accepted 
this  account  of  the  heteroplasia  of  cancer  as  the  most  ultimate 
that  can  be  reached,  as  I  shall  show  in  the  sequel  by  references 
to  the  pathological  text-book  of  Professor  Budolf  Maier. 

In  the  meantime  it  becomes  necessary  to  refer  briefly  to 
another  well-known  view  of  the  formation  of  cancerous  tumours,  a 
view  that  regards  them  as  simple  extensions  of  the  pre-existing 
epithelium  of  each  region.  It  has  become  customary  to  qualify  the 
epithelial  extension  as  ''  atypical,"  but  the  new  growth  is  always  con- 
tinuous with  the  normal  epithelium,  and  is  derived  from  the  latter  by 
the  ordinary  process  of  cell-di vision.  I  cannot  better  explain  what 
may  be  called  the  motive  of  t]iis  simple  and  attractive  theory  than  in 
the  words  of  Professor  Billroth  in  a  criticism  of  the  work  on  epithelial 
cancer  of  the  skin  by  Thiersch.  He  observes  :  ^'  Eemak,  guided  by 
the  views  on  the  development  of  the  embryo  which  he  in  great  part 
originated  and  intelligently  cairied  out,  certainly  never  believed  in 
the  origin  of  epidermis  from  connective  tissue ;  rather  than  give  iip 
the  doctrine  that  the  layers  of  the  embryo  were  neither  formatively 
nor  functionally  capable  of  being  mixed,  he  inclined  to  what  seemed 
an  adventurous  hypothesis.  Cell-division  as  a  single  and  exclusive 
principle  was  maintained  by  Bemak  from  the  first,  and  regardless 
of  consequences,  alike  for  normal  as  for  pathological  cell-growth, 
and  the  Gordian  knots  that  he  met  witli  he  cut  with  the  sword 
of  his  genius."^  But  unfortunately  for  this  generous  praise,  and 
unfortunately  for  the  summary  manner  of  overcoming  difiiculties 
which  the  embryologist  appears  to  have  essayed,  the  pathological  facts 
are  one  thing  and  the  embryological  are  another.  In  studying  the 
pathology  of  malignant  tumours  one  is  constantly  brought  face  to  face 
with  a  determining  force  which  has  no  known  analogy  in  healthy  growth, 
and  that  force  is  infection.  In  the  presence  of  that  great  factor  of  can- 
cerous invasion,  it  is  simply  futile  to  speak  of  a  single  and  exclusive  prin- 
ciple of  cell-formation,  which  applies  alike  to  embryological  growth  and 
to  pathological  That  is  merely  tiie  doctrinaire  notion  of  an  embryologist 
who  has  made  an  incursion  into  the  province  of  pathology.  The  attempt 
on  the  part  of  a  certain  school  of  pathologists  to  make  the  embryological 
principle  of  growth  the  exclusive  law  also  for  tumour  processes  not 

*  ArchivfUr  KHniache  Chirtirgie^  vol.  viii.  18(J6. 
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onlj  leads  them  to  ignore  the  element  of  infection  in  the  primary  seats 
of  tumoar  fonuation,  or  in  the  immediate  neighbourhood  of  tumourSi 
but  it  neoeesitateB  a  theory  of  the  metastasis  of  tumours  which,  to  say 
the  least,  fails  to  take  account  of  the  more  conspicuous  facts  of  the 
case.  Secondary  tumours  in  the  viscera  and  in  the  lymphatic  glands 
arise,  according  to  Billroth,^  Waldeyer,'  and  more  recently  Cohnheim,' 
from  the  transport  of  detached  masses  of  epithelial  cells  from  the 
primary  tumour ;  the  transported  cells  begin  to  multiply  in  the  organs 
where  they  have  been  lodged,  and  thus  secondary  nodules  are  formed, 
which  displace  or  supplant  the  natural  tissues  of  the  parts.  According 
to  this  view,  there  is  nothing  but  a  change  of  locality,  and  the  con- 
tinuity of  the  epithelial  growth  is  rigidly  kept  up.  But  there  is  a 
large  body  of  evidence  (to  which  I  have  contributed  in  two  former 
papers)^  to  show  that  the  metastasis  is  a  true  infection ;  that  the  ceUs 
of  the  remote  organ  (liver  or  lymphatic  gland)  are  changed  into  the 
likeness  of  the  primary  tumour  cells,  and  that  there  is,  as  I  have  else- 
where said,  a  consensus  or  co-operation  among  the  elements  of  the 
infected  part  to  assume  the  grouping  and  general  plan  of  structure  of 
the  primary  tumour,  so  that  the  secondary  nodule  is  a  mimicry  of  the 
primary  in  all  particulars,  even  the  most  minuta  That  theory  is,  I 
believe,  securely  baaed  on  facts,  but  it  is  difficult  to  find  any  systematic 
observations  in  favour  of  the  transport  theory,  with  the  exception  of  a 
recent  somewhat  irrelevant  experiment  with  fragments  of  periosteum.* 
Hie  theory  of  an  actual  transport  of  epithelium  and  increase  of  the 
same  by  multiplication  has  a  motive  behind  it ;  it  is  a  necessary  pen- 
dant to  Remak's  embryological  doctrine,  that  even  in  morbid  processes 
epithelium  can  never  grow  from  anything  but  epithelium  or  connective 
tissue  from  anything  but  connective  tissue.  The  embryological  law 
was  probably  a  new  revelation  to  pathologists  in  1855;  but  it  is 
now  so  entirely  familiar  that  no  pathological  observer  is  likely  either 
to  ignore  it  or  to  be  unduly  fascinated  by  it. 

Even  for  the  pathology  of  epithelial  tumours  in  their  primary  seats, 
or  in  their  first  beginnings  in  an  epithelial  organ,  the  principle  of  "  cell- 
division  as  the  single  and  exclusive  law  for  normal  as  well  as  patho- 
logical growth "  is  a  principle  that  goes  a  very  little  way.  I  have 
elsewhere  brought  together  a  large  body  of  evidence •  to  show  that 
tumours  of  the  breast,  while  they  start  from  the  secreting  structure, 
do  not  depend  on  a  simple  and  arbitrary  proliferation  of  epithelium, 
but  that  their  origin  may  be  traced  to  certain  perversions  of  the  secre- 
tory process,  which  the  physiology  of  the  breast  enables  us  to  follow 
and  to  estimate ;  that,  in  short,  the  functional  factor  is  of  the  first 
importance  in  accounting  for  the  tumours  of  secreting  stnictures,  and 
that  to  rest  satisfied  with  '^  cell-division  as  the  single  and  exclusive 
law  **  of  epithelial  tumour  formation  is  simply  to  leave  the  kernel  of 

*  Loc  eii,  p.  867.  *  Virchow's  Arehiv,  vols.  xli.  and  Iv. 
'  Vbrlemngen  iiber  allgemeine  Pathologic,  Berlin,  1877,  p.  668. 

*  Reports  cf  the  Medical  Officer  of  the  Privy  Council,  1874  and  1876. 
'  Cohnheim  and  Maas  in  Yirchow's  Arehiv,  vol.  Ixx.  p.  161. 

'  ConlrihiUiotu  to  the  Physiology  and  Pathology  of  the  Breast  and  its  Lymphatic 
Glands,  London,  1878. 
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the  question  untouched.  While  that  criticism  applies  as  regards  the 
first  beginnings  of  tumours  in  epithelial  organs,  the  inadequacy  of 
the  proUferation  doctrine  is  much  more  apparent  in  the  case  of  those 
epithelial  tumours  (cancers)  that  have  the  characteristic  habit  of  spread- 
ing or  encroaching  or  infiltrating.  In  such  tumours  (scirrhus  of  the 
breast,  for  instance)  it  is  not  to  continuons  proliferation  of  epithelium 
that  we  have  to  look  for  an  explanation,  but  to  an  acquired  property  of 
the  morbid  epithelium,  namely,  its  power  of  infecting  tJie  neighbourhood. 

The  influence  that  causes  the  cells  of  the  connective  tissue  to 
assume  an  epithelial  form  and  an  alveolar  grouping  was  indicated 
by  Virchow  simply  as  a  "special"  influence.  Advancing  on 
this  generality,  and  borrowing  an  expression  which  Virchow  had 
applied  only  to  the  secondary  or  discontinuous  extensions  or 
metastases  of  tumours,  W.  Miiller  described  the  influence  as  a 
virus  or  an  infection,  and  he  compared  it  to  the  syphilitic  virus 
or  infection;  it  agreed  with  the  syphilitic  virus  in  having  a 
special  affinity  for  the  connective  tissue  everywhere  throughout 
the  body.^  But  the  assumption  by  the  cells  of  that  tissue  of  the 
epithelial  form  and  alveolar  arrangement  in  cases  of  cancer  was 
the  part  of  the  problem  that  this  somewhat  random  theory  did 
not  attempt  to  deal  with.  In  the  Handbook  of  Paiholoffieal 
Anatomy  by  Professor  Klebs,  the  element  of  infection  is  in- 
troduced in  a  more  intelligible  manner,  and  in  the  text-book  of 
Professor  Budolf  Maier,*  the  doctrine  that  cancerous  tumours 
extend  by  the  infection  of  the  neighbourhood  is  systematically 
expounded.  In  making  use  of  the  expression  "  infection  of  the 
neighbourhood,"  Professor  Maier  thereby  indicates  that  the 
infection  has  a  local  source.  The  tumour  is  not  from  first  to  last 
an  affair  of  infection,  as  the  suggestion  of  W.  Miiller  implies; 
but  the  infection  emanates  from  a  primary  centre  of  diseased 
action,  and,  to  use  the  language  of  earlier  writers,  it  draws  tlie 
neighbouring  tissues  into  the  same  cancerous  degeneration.  In 
a  cancerous  tumour  of  a  glandular  organ  or  epithelial  region,  the 
epithelial  new  growth  that  makes  up  the  whole,  is  referable,  says 
Professor  Maier,  to  two  sources.  A  large  part  of  it  is  derived 
from  fission  of  the  pre-existing  epithelium,  while  the  remainder 
is  due  to  the  productiveness  of  the  connective-tissue  ceUs,  a 

^  Jenaisehe  ZeitsdiriftfUr  Medicin  und  Nalunnasenseh,  vol.vi. 
•  Lehrbu4:h  der  allgemeinen  pcUkologischen  Anatomie,  von  Dr  Rudolf  Mnicr, 
rrofcfworiu  Freiburg,  Leipzig,  1871. 
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productiveness  called  into  play  by  infection.  This,  says  Professor 
Waldeyer,  is  *'  eclecticism." '  But  if  any  one  supposes  that  the 
formation  of  epithelial  tumour-cells  from  pre-existing  epithelium 
by  ordinary  generation,  and  the  formation  of  them  from  con- 
nective-tissue cells  by  infection,  are  alternative  or  co-ordinate 
modes  of  origin,  and  that  to  assert  the  co-existence  of  the  two 
modes  in  the  same  tumour  is  to  make  an  unscientific  compromise, 
it  is  clear  enough  that  such  an  one  does  not  understand  infection  in 
the  sense  in  which  it  is  usually  understood.  That  such  a  criticism 
should  have  been  seriously  made  is  all  the  more  remarkable 
when  we  consider  Professor  Maier's  very  explicit  statements 
about  infection.  So  long  as  a  new  formation  in  a  glandular  organ 
is  confined  within  the  limits  of  the  organ,  so  long  as  it  retains 
both  in  structure  and  function  the  type  of  the  normal  tissue,  it 
constitutes  an  adenoma ;  and  if  it  be  a  new  formation  in  the 
skin,  it  constitutes  under  like  circumstances  what  he  calls  an 
epithelioma.  But  when  the  new  growth  "  becomes  destructive 
towards  the  surrounding  tissues,"  when  it  proceeds  to  infect  the 
neighbourhood,  it  becomes  cancerous.  The  additional  element  in 
the  case  of  cancer  is  clearly  secondary  to  and  not  co-ordinate 
with  the  initial  disturbance.  Epithelial  cells,  and  in  fact  the 
same  kind  of  epithelial  cells,  are  produced  in  two  ways,  but  the 
two  modes  of  formation  do  not  belong  to  the  same  category ;  the 
one  is  a  modification  of  healthy  action,  and  the  other  is  simply  a 
mimicry  of  the  original  departure  from  the  normal. 

Inquiring  more  particularly  into  Professor  Maier's  doctrine 
of  the  infection  of  the  neighbourhood,  we  find  that  the  connective- 
tissue  cells,  infected  to  become  epithelial,  pass  through  the 
phase  of  granulation -cells.  For  example,  in  a  glandular  tumour, 
the  circumference  of  the  glandular  acini,  the  bounding  zone  of 
connective  tissue  next  to  the  epithelium,  is  in  a  state  of  the  most 
active  productiveness,  and  the  young  indifferent  cells  produced 
within  it  pass  through  all  degrees  of  transformation  towards  the 
characteristic  epithelium.  Again,  the  tracts  of  connective  tissue 
separating  the  various  division  or  lobules  of  the  initial  disease 
are  as  if  sown  with  young  cells ;  it  is  their  transformation  into 
epithelium  that  accounts  for  the  growth  of  the  nodule  at  its 
periphery,  the  melting  away  of  the  septa,  the  increase  of  the  cell- 

*  Virchow'ft  Archiv,  vol.  Iv.  1872,  pp.  70  and  148. 
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infiltratioDy  and  the  final  destnictian  of  the  cniginal  tissiia  As 
to  the  alveolar  grouping  of  these  epithelial  infiltrations : — ^inas- 
mnch  as,  in  the  skin  or  mucous  membrane,  groups  of  young  cells 
arise  out  of  the  productiveness  of  the  connective-tissue  corpuscles, 
and  as  those  heaps  of  cells  enlaige  fay  fiasion,  and  by  the 
inclusion  of  the  nearest  connective-tisBne  cells  newly  infected,  so 
the  spaces  and  meshes  of  the  stroma  are  put  on  the  stretdi  and 
an  alveolar  or  areolar  type  of  structure  is  gradually  established. 

By  way  of  general  summaiy.  Professor  Maier  says :  At  the 
outset  of  the  cancerous  or  cancroid  affection,  the  multiplication 
of  the  epithelial  elements  by  fission  is  certainly  the  determining 
factor.  But  when  the  development  has  reached  a  certain  height, 
and  the  formation  in  one  particular  direction  a  certain  intensity, 
the  one  tissue  is  then  in  a  position  to  work  aa  the  other ;  the 
developed  cell  is  able  to  exert  a  sort  of  influence  of  contact  on 
the  neighbouring  undeveloped  celL  That  infective  action  must 
be  assumed  to  take  place  on  a  large  scale,  else  it  would  be 
impossible  to  account  for  the  penistent  growth  of  cancera 

In  treating  of  scirrhous  cancers  of  the  breast,  I  shall  adopt 
Professor  Maier^s  view  of  an  infection  of  the  neighbourhood,  and 
I  do  not  propose  to  venture  on  anything  more  ultimate  about  the  , 

nature  of  the  infection  than  that  it  is  **  a  sort  of  influence  of  con- 
tact" But  for  the  hard  tumours  of  the  breast^  something 
remains  to  be  added  as  to  the  small  beginning?  of  the  disease  in 
the  original  epitheUum;  and  secondly,  the  relation  of  those 
initial  disturbances  to  the  subsequent  infection  of  the  neighbour- 
hood requires  to  be  stated  in  more  precise  terms.  Thus,  while 
Professor  Maier  ascribes  the  epithelial  type  of  the  cell  produced 
from  a  connective^tissue  corpuscle  to  an  infective  mimicry  of  the 
originally  disordered  epithelium,  he  refers  the  alveolar  grouping 
of  the  cells  to  a  mechanical  cause.  As  the  infection  breaks  out 
at  one  centre  after  another,  the  cells  naturally  group  themselves 
in  alveolar  clusters,  pressing  aside  the  parallel  bundles  of  con- 
nective tissue  from  the  midst  of  which  they  have  sprung.  The 
alveolar  grouping,  which  Vircbow  thought  to  be  characteristic  of 
cancer,  and  which  is  commonly  associated  with  the  notion  of 
infiltration,  is  thus  made  to  flow  incidentally  from  the  parallel 
•arrangement  of  the  fibro-cellular  matrix  tissue.    The  alveolar  or 

3ar  grouping  of  the  cells  may,  of  course,  be  due  to  nothing 
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but  mechanical  necessity ;  but  in  that  case  the  epithelial  fonn  of 
the  cells  and  the  alveolar  grouping  of  them  are  characters  of 
cancer  that  do  not  belong  to  the  same  category.  That,  then, 
is  one  of  the  points  on  which  greater  precision  is  to  be  desired ; 
and  another  undiscussed  point,  intimately  connected  with  the 
former,  is  the  initial  condition  of  the  epithelium  from  which  the 
infection  of  the  neighbourhood  ia  derived.  It  is  with  the  dis- 
cussion of  those  two  points  that  I  propose  to  occupy  the  rest  of 
this  paper,  and  I  may  here  state  in  anticipation  the  conclusions 
that  I  arrive  at :  (1)  that  the  initial  condition  of  the  original 
epithelium  is  in  many  cases  that  of  an  actual  or  literal  infiltra- 
tion into  the  surrounding  stroma ;  and  (2)  that  it  is  this  literal 
and  actual  infiltration  of  epithelium  that  determines,  through  the 
mimicry  of  infection,  the  familiar  appearance  of  alveolar  or 
linear  groups  of  epitheUal  cells  springing  up  fi-om  the  cells  of  the 
connective-tissue  stroma  at  a  number  of  ihdependent  centres. 

I  do  not  propose  to  consider  those  two  propositions  strictly 
apart,  and  it  will  in  fact  be  most  convenient  to  begin  with  some 
considerations  about  the  second  of  them,  viz.,  the  alveolar  group- 
ing that  is  said  to  be  characteristic  of  cancerous  invasion. 
Among  the  many  and  great  diversities  which  Sir  J.  Paget  says 
may  be  observed  in  a  collection  of  scirrhous  tumours  of  the 
breast,  we  must  include  a  certain  diversity  in  the  kind  of 
alveolar  grouping  of  the  elements.  One  of  the  most  common 
forms  is  that  of  solid  masses  of  epithelium,  three  or  four  cells 
broad  at  their  broadest  part,  tailing  off  into  linear  rows,  and  fill- 
ing up  pretty  accurately  the  spaces  in  the  connective  tissue ; 
sometimes  these  solid  cords  of  epithelium  become  joined  with 
one  another  by  cross  branches ;  sometimes  the  cells  are  ranged 
more  in  single  file  than  in  alveolar  gix>ups.  Another  not 
infrequent  form  is  that  in  which  a  number  of  epithelial  ceUs  lie 
loosely  among  fluid  in  a  space  of  the  connective  tissue  much  too 
wide  for  them ;  sometimes  the  cells  show  a  distinct  tendency  to 
range  themselves  in  a  more  or  less  orderly  fashion  round  the 
wall  of  the  space.  Now,  both  of  the  main  varieties  here 
mentioned  are  alike  taken  to  illustrate  the  ''  alveolar  "  type  of 
cancerous  growths.  So,  in  the  scirrhous  tumours  of  the  stomach, 
intestine,  and  rectum,  similarly  diverse  forms  are  grouped  under 
the  common  head  of  alveolar.    The  epithelial  cells  may  lie  in 
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the  submucous  or  muscular  or  subserous  tissue,  in  the  form 
of  solid  anastomising  cords,  or  as  dense  alveolar  masses,  or  aa 
loose  collections  occupying  spaces  too  wide  for  them.  Fig.  2, 
from  a  not  very  liard  cancer  of  the  rectum,  is  an  example  of  the 
last  mentioned  kind  of  grouping. 


Fig.  2.  —From  a  cancer  of  the  rectum,  x  BOO. 
But  in  the  tumours  of  the  stomach,  intestine,  and  rectum,  the 
diversity  ranges  so  widely  as  to  surest  other  considerations. 
N^ot  far  removed  from  the  kind  of  alveolar  space  containing  a 
loose  and  nondescript  heap  of  cells,  is  the  round  or  alveolar 
space,  in  which  the  cells  adhere  in  an  orderly  way  round  the 
wall  Examples  of  that  type  may  be  readily  found  among 
cancers  of  the  stomach  and  of  the  rectum.  Again,  in  cancera  of 
the  colon,  the  arrangement  is  often  so  orderly  that  it  is  at  once 
recognised  as  a  tubular-gland  structure.  But  when  the  structure 
derived  from  the  infection  of  the  tissues  reaches  that  degree  of 
definiteness,  there  is  no  longer  room  for  doubting  that  the  arrange- 
ment of  the  cells  as  well  as  their  form,  in  short  tlie  ensemble  of 
the  new  growth,  is  the  single  and  indivisible  effect  of  the 
infective  influence.  Thus,  if  we  admit  that  a  secondary  forma- 
tion of  tubular-gland  structure,  produced  by  infection  of  neigh- 
bouriug  tissues,  is  a  mimicry  in  every  particular  of  some 
primary  or  initial  disease  in  the  mucous  membrane,  there  is  just 
as  little  reason  for  limiting  the  scope  of  the  infective  influence 
in  those  cases  where  the  structure  is  of  the  more  nondescript 
alveolar  kind. 
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The  linear  and  alveolar  groups  of  cells  in  scirrhus,  which  are 
always  associated  with  the  idea  of  infiltration,  do  not  arise  out 
of  a  literal  infiltration  or  wandering  of  cells  into  the  interstices 
of  the  connective-tissne  stroma,  but  the  appearance  depends  on 
the  breaking  out,  at  numerous  or  successive  points  in  the  in- 
fected area,  of  a  particular  kind  of  new  formation;  the  pre- 
existing connective-tissue  cells  transform  themselves  into  epi- 
thelium, and  group  themselves  in  alveolar  and  linear  collections. 
If,  then,  that  alveolar  and  linear  arrangement  be  not  incidental 
to  the  parallel  aiTangement  of  the  matrix  cells,  but  on  the  other 
hand  a  result  of  the  infection,  just  as  the  epithelial  form  of  cell 
is  a  result  of  the  same,  it  becomes  necessary  to  search  in  the 
primary  disease  for  the  pattern  of  such  alveolar  or  linear 
grouping,  just  as  one  goes  to  the  initially  disturbed  glandular 
elements  for  the  epithelial  pattern  of  celL  I  shall  endeavour  to 
show  that  the  examination  of  the  scirrhous  breast  affords  evi- 
dence of  such  a  grouping  of  the  original  epithelial  cells  within 
the  limits  of  the  gland  or  of  the  remains  of  the  gland ;  there  is 
an  actual  and  literal  infiltration  of  epithelium  into  the  abundant 
connective  tissue  of  the  oigan,  leading  to  alveolar  and  linear 
collections  of  epithelial  cells.  The  alveolar  structure  which 
one  (hiefiy  sees  in  scirrhus  of  the  breast  is  that  which  is  derived 
from  coimective-tiBsue  cells.  This  is  the  true  observation  that  all 
pathologists  who  follow  Yirchow  have  made ;  but  it  is  not  the 
whole  truth.  There  is  always  in  the  background  a  primary 
diseased  centre,  a  literal  infiltration  of  the  original  epithelium, 
and  from  that  focus,  however  small,  the  infection  has  spread  to 
the  neighbouring  connective  tissue,  carrying  mimicry  of  structure 
with  it  The  difficulty  of  the  case  lies  in  the  circumstance  that 
the  primary  and  literal  infiltration  is  inextricably  mixed  with, 
and  in  most  cases  completely  thrown  into  the  shade  by,  that 
process  in  its  own  likeness  which  it  has  conjured  up. 

I  can  best  approach  this  question  of  actual  infiltration  with  a 
description  of  fig.  3,  and  with  an  account  of  the  circumstances 
under  which  the  appearance  occurs.  The  tumour  from  which 
the  drawing  is  taken  Wiis  the  usual  small  and  firm  lump  in  the 
breast,  in  this  case  situated  almost  directly  under  the  nipple. 
The  subject  of  it  was  a  woman,  aged  52,  under  the  care  of  Dr 
Humphry.     As  regards  both  the  age  of  the  patient  and  the 
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character  of  the  tumour,  the  case  was  a  typical  case  of  scirrhns 
of  the  breast.  As  to  age,  I  shall  not  delay  here  to  adduce 
evidence  that  the  scirrhous  tumour  of  the  breast  is  a  disease  of 
the  obsolete  breast^  or  of  the  breast  hecommg  obsolete}  For  the 
pathology  of  scirrhus  of  the  breast,  it  is  therefore  of  the  first 
importance  to  know  what  the  obsolete  or  post-climacteric  condi- 
tion of  the  breast  is.  Unfortunately,  that  is  a  chapter  in  the 
physiology  of  the  breast  that  no  writer  has  hitherto  supplied, 
and  there  is  reason  to  think  that  when  it  comes  to  be  written,  it 
will  describe  a  process  of  retrogression  which  differs  much  in 
individuals,  both  in  the  length  of  time  that  it  endures,  and  also 
in  the  degree  of  completeness  to  which  the  effacement  of 
structure  is  carried.  As  a  general  statement,  we  may  take  that  of 
Professor  Orth,  who  tells  us,  in  his  Compendium  of  Post-Mortefm 
Diagnosis^  that  we  may  expect  to  find  the  breast  in  the  climacteric 
years  atrophied  to  a  coarae  mass  of  almost  pure  fibrous  tissue.' 
The  periodical  upfoldings  and  unfoldings  of  the  breast-structure 
proceed,  as  I  have  elsewhere  shown  at  considerable  length,^  in 
the  most  orderly  manner.  The  breast,  at  the  end  of  one  term  of 
suckling,  lays  aside  its  full  secretory  mechanism  in  such  a 
manner  that  it  can  be  easily  resumed  at  the  next  pregnancy. 
Compared  with  the  breast  during  lactation,  the  breast  in  the 
resting  state  may  be  described  as  much  reduced  in  bulk,  and  as 
containing  a  lai^e  proportion  of  coarse  fibrous  tissue.  But  it 
returns  to  its  full  expansion  on  the  next  occasion,  juat  as  an 
army  corps  fills  up  the  (Xidres  of  its  regiments.  After  the 
climacteric  years,  the  breast  loses  the  capacity  of  orderly 
unfolding,  while  a  gradual  disoi^nisation.of  its  secreting  me- 
chanism sets  in.  Large  ducts  persist  longest,  but  even  the  large 
ducts  will  sometimes  be  found  to  be  collapsed,  and  more  or  less 
denuded  of  their  epithelium,  and  to  have  acquired  a  remarkable 
thick  outer  coat  of  granular  substance,  such  as  sometimes  develops 
in  the  outer  coats  of  arteries.  Traces  of  the  system  of  ducts 
may  be  found  throughout  the  original  gland  area,  while  all 
traces  of  acini  have  vanished.    But  it  would  be  a  mistake 

^  See  the  statistical  tables  in  Paget's  Lectures  on  Surgical  Pathology,  p.  632. 
'  Compevdium  der  PathoJogisch-ATuUomischen  Diagnostik,  von  Dr  Johannes 
Orth,  Berlin,  1876,  p.  85. 
*  Op,  cU.f  chap.  i.  and  ii. 
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to  suppose  that  this,  the  extreme  form  of  obsolescence,  is  onl- 
formly  or  even  commooly  found  in  the  breasts  of  women  just 
after  the  climacteric  period.     Although  there  is  no  doubt  that 
the  secreting  structure  is   in   every   case  finally  disorganised 
before  old  age,  traces  of  it,  and  it  may  be  considerable  traces  of 
it,  are  discoverable  five,  or  t«u,  or  fifteen  years  after  menstrua- 
tion has  ceased.    Such  traces  may  be  seen  by  looking  along  the 
sides  of  the  ducts.    The  belt  of  tissue  on  each  side  of  the  duct  will 
sometimes  show  small  clusters  of  involuted  acini,  such  as  I  have 
described  for  the  periodical  resting  state  of  the  organ.     In  other 
cases  the  tissue  near  the  duct  contains,  not  indeed  clusters  of 
well-defined  and  entire  acini,  but  heaps  of  epithelial  cells  in  a 
state  of  disorder.    To  return  to  the  case  from  which  fig.  3  is 
taken,  some  parts  of  the  indurated  mass  showed  a  framework  of 
dncts,  and  near  them  clusters  of  acini  in 
the  contracted  state ;  while  in  other  parts 
the  appearance  of  the  epithelium  was  that 
given  in  the  figure.     Epithelial  cells  are 
ranged  in  parallel  rows,  packed,  as  it 
were,  in  the  interstices  of  the  gland  stroma. 
The  stroma  was  in  many  places  occupied 
by  fat-cells,  and  the  epithelial  cells  were 
disposed  among  the  latter  in  such  a  way 
that  they  followed  their  round   or  oval 
vesicular   outlines.     The    cells  are    all 
cubical  and  flattened  against  one  another, 
and  the  whole  appearance  su^^iesto  that 
they  have  been  mechanically  wedged  in 
between  tiie  parallel  fibrous  bundles  of  the    Fig.  3. —From  i  hard  nn- 
stroma.    This  would  amount  to  an  infiltra-       wom°^*''4Bd""62  '°  x' 
tion  of  epithelium  in  the  literal  sense.  i^- 

But  it  may  be  asked,  How  is  one  to  distinguish  this  alleged 
actual  or  literal  infiltration  of  original  epithelium  from  the  rows 
or  clusters  of  epithelial  cells  that  spring  up  from  connective- 
tissue  cells,  and  what  is  the  evidence  that  there  is  both  a 
primary  accumulation  of  epithelium,  and  a  secondary  mimicry 
of  it  in  the  connective  tissue,  aud  not  the  connective-tissue 
product  only  ?  Fig.  3  is  not  unlike  the  figure  given  by  Virchow 
in  his  Cdbdar  Pathology  (p.  539),  to  show  the  origin  of  the 
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epithelial  cells  of  scirrhus  of  the  breast  from  the  connective 
tissue ;  aod  it  may  be  ar- 
gued that  the  rows  of  cells 
in  fig.  3  might  have  origi- 
nated in  the  connective- 
tissue  cells  of  the  stroma, 
idiopathically  or  without 
infection,  just  as  the  cells 
in  fig.  1  have  emerged  from 
I  the  more  hidden  condition 

1  of  tendon-cells.     In  order 

'  to  obtain  evidence  that  will 

be  unambiguona,  I   must 
:i  refer  to  corresponding  tu- 

'  mours  in  the  bitch.     Fig. 

'.':  4  is  drawn  from  a  section 

of  a  hard  or  firm  nodule  in 
the  mamma  of  the  bitch ; 
the  double  chain  of  glands 
Fij;.  1.— From  s  nioinnitr;  tamonr  in  the     was  affected  with  nodular 

bitch.     The  ccIIb  are  filled  with  yellow  , .        „,      „„„„„. 

pigment     x  160.  enlargements    at     several 

poLQta,  and  one  of  the 
tumours  was  large,  with  evidences  of  malignancy.  The  figure 
shows  large  granular  cells  impacted  in  the  interfascicular 
spaces.  The  cells  in  the  preparation  are  filled  with  yellow 
pigment,  and  there  is  no  doubt  that  they  are  actual  epithelial 
cells  which  have  travelled  from  the  secreting  structure  along 
the  spaces  of  the  connective-tissue  stroma.  The  same  appear- 
ance variously  modified  occurs  constantly  in  the  preparations 
of  this  case,  and  I  have  several  other  specimens  of  mammary 
tumours  in  the  bitch  when  the  appearance  is  equally  common 
and  unmistakable.  The  infiltrated  rows  of  cells  often  coalesce 
to  form  alveolar  groups,  and  in  the  above-mentioned  cases  in  the 
bitch,  one  may  find  as  many  varieties  of  linear  and  alveolar 
collections  of  epithelial  cells  as  in  the  scirrhous  cancers  of  the 
breast  in  women.  I  have  said  that  the  pigmented  cells  were 
tindoubtedly  of  the  nature  of  epithelium,  and  derived  directly 
from  the  secreting  structure  of  the  gland.     I  have  elsewhere 
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collected  evidence  on  that  point,*  and  I  shall  here  make  nse  of 
an  old  woodcut  to  present  that  evidence  as  shortly  as  posaible. 
Fig.  5  is  from  the  normal  mamma  of  a  cat  at  an  earlj  period  of 
pr^na&cy.  On  the  left  hand  side  are  portions  of  two  lobules, 
and  on  the  right  of  the  figure  is  a  wide  expanse  of  fat-tissue. 


Fig,  S.^From  the  norma)  niuatna  of  tlie  cat :  epithelial  cell-producti 
infiltrated  into  the  snrronnding  tianies.      x  SO. 

into  which  an  enormous  number  of  large  round  or  oval  or 
cubical  cells  have  wandered.  All  the  cells  of  that  collection 
are  filled  with  yellow  pigment,  and  have  a  nucleus.  The  same 
kind  of  ceUs  are  foand  in  narrow  belts  between  the  lobules;  and 
when  the  source  of  them  ia  looked  for,  it  is  found  that  they 
originate  withia  the  aciui  of  the  gland,  and  that  they  constitute 
a  crude  secretory  product  which  occurs  unifomdy  when  the 
'  (i]i.  HI.  p.  43. 
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functional  activity  of  the  breast  b^ns  gradually  to  revive  with 
the  advance  of  pregnancy.  Among  the  various  points  relating  to 
this  singular  phenomenon  of  secretion,  which  are  fully  discussed 
in  various  parts  of  the  work  already  quoted,  I  have  here  to  direct 
attention  only  to  the  fact  that  solid  products  of  the  secretion, 
which  have  the  form  of  epithelial  cells  and  are  plainly  marked 
by  their  pigmentation,  do  transverse  the  interfascicular  spaces  of 
the  stroma  in  the  course  of  their  removal  as  waste-products  from 
the  gland.  Fig.  5  is  a  complete  physiological  analogy  for  fig,  4, 
and  the  latter  appears  to  me  therefore  to  explain  the  appearance 
in  fig.  3,  from  the  scirrhous  breast  of  a  woman,  in  the  sense  that 
I  have  already  stated,  viz.,  that  the  rows  of  cubical  cells  are  the 
original  epithelial  celb  of  the  organ,  infiltrated,  in  the  literal 
sense  of  the  term,  into  the  interstices  of  the  connective  tissue. 

The  occurrence  of  infiltrated  epithelial  products  in  the  healthy 
breast,  as  shown  in  fig.  5,  affords  a  sufiicient  explanation  of  the 
not  infrequent  pathological  accumulation  of  epithelial  cells  in 
the  connective  tissue  in  mammary  tumours  of  the  bitch.  In 
the  mammary  tumours  of  that  animal,  these  accumulations  are 
for  the  most  part  not  the  chief  constituents  of  the  tumour,  but 
they  contribute  materially  to  its  bulk.  They  show  the  same 
varieties  of  grouping  as  in  the  scirrhous  txonours  of  the  human 
female  breast,  from  a  linear  procession  of  cells  up  to  large 
alveolar  collections.  The  accumulations  in  the  mammary 
glands  of  the  bitch  may  be  explained  as  due  to  an  excitation  of 
the  secreting  force  at  an  unnsual  time,  or  in  an  imusual  d^[ree, 
or  under  abnormal  circumstances  generally.  In  any  case  the 
tumour-like  accumulations  of  cells  are  owing  to  a  disorder  of 
function.  But  that  explanation  does  not  avail  for  the  scirrhous 
tumours  of  women,  which  occur  almost  invariably  at  a  time 
when  the  function  of  the  breast  is  obsolete,  or  is  becoming 
obsolete.  The  infiltration  in  the  climacteric  mammary  tumours 
may  be  said,  however,  to  be  incidental  to  the  obsolescence  of  the 
breast.  In  some  cases,  if  not  in  most  cases,  the  tracts  of  surviv- 
ing gland-substance  along  the  sides  of  the  ducts  will  show  evidence 
of  this.  The  groups  of  acini  are  in  process  of  breaking  up,  and 
that  breaking  up  is,  at  least  in  the  cases  where  tumours  occur, 
not  a  simple  atrophy,  but  rather  a  dispersion  of  their  epithelium. 
Their  epithelium  is  found  in  a  state  of  disorder,  and  the  literal 
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and  actual  infiltration  of  epithelial  cells  into  the  interstices  of 
the  stroma  which  I  have  described,  is  one  of  the  manifestations 
of  the  breaking  np.  There  is  evidence  also  of  a  morbid  excita- 
tion among  the  epithelial  elements  within  the  limits  of  the  still 
intact  acinL  But  there  seems  to  be  always  dispersion  and  in- 
filtration, and  the  physiological  analogy  that  the  cases  in  the 
bitch  supply,  helps  us  in  a  measure  to  understand  why  such  an 
impaction  or  infiltration  of  epithelium  should  take  place. 

The  cancerous  element  in  the  disorder  first  shows  itself  when 
the  infiltrated  epithelium  produces  what  we  agree  to  call  infection 
of  the  connective-tissue  cells  with  which  they  are  in  contact. 
Those  cells,  as  I  have  already  remarked,  following  Yirchow,  are 
in  a  great  measure  hidden  among  the  fibres,  and  the  first  step  in 
the  infective  process  is  their  emergence  from  concealment,  as 
more  plump  and  more  granular  cells,  after  the  analogy  of  the 
cells  in  the  inflamed  tendon  (fig.  1).  The  enlarged  or  swollen 
connective-tissue  cells  then  assume  the  likeness  of  the  epithelial 
cells  whence  the  infection  proceeded  (by  contact  as  R  Maier 
says,  or  otherwise),  and  many  observers  have  persuaded  them- 
selves that  they  have  seen  idl  the  transition  stages.^  At  any- 
rate,  one  may  easily  observe  the  almost  embryonic  character  that 
the  hitherto  quiescent  stroma  takes  on. 

Any  one  who  examines  a  number  of  microscopic  specimens  of 
scirrhous  cancers,  whether  of  the  breast,  or  of  the  pylorus,  or  of 
the  rectum,  cannot  fail  to  get,  over  and  over  again,  the  impression 
that  connective-tissue  cells  spring  up  in  clusters  in  the  midst 
of  the  stroma,  and  pass  through  a  series  of  transitions  towards 
epithelial  cells.  These  evidences  may  be  slight  taken  singly, 
but  their  cumulative  weight  is  considerable ;  and  it  has  proved 
suj£cient  for  a  good  many  observers  who  are  perfectly  able  to 
appreciate  the  force  of  the  embryological  doctrine,  that  from 
the  time  that  the  three  layers  of  the  embryo  are  distinct,  the 
growth  of  epithelium  is  always  from  pre-existing  epitheUum. 
From  evidence  of  that  kind,  I  have  selected  for  drawing  one 
particular  appearance  where  the  associated  circumstances  help 
to  put  the  matter  in  a  clear  light.  Fig.  6,  from  a  scirrhous 
cancer  of  the  breast  in  a  female  patient  aged  56,  under  the 
care  of  Dr  Humphry,  shows  an  acinus  or  alveolus  lined  with 

^  See  the  figure  in  Vircliow's  Celltdar-PaUiologie,  p.  633. 
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large  cubical  epithelial  cells,  and  containing  a  considerable 
number  of  epithelial  cells  in  its  cavity,  looking  as  if  they 
had  been  shed  from  the  surface.  The  interest  centres  in  the 
connective-tissue  that  surrounds  the  alveolar  space,  and  it  is  to 
be  regretted  that  the  engraving  gives  a  somewhat  inadequate 
notion  of  the  very  striking  and  unmistakable  appearances  in  the 
preparation.    In  the  connective  tissue  round  the  alveolus  are 
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Fig.  6. — From  a  hard  cancer  of  the  breast  in  a  woman  aged  56.      x  150. 

several  rows  of  oblong  or  spindle-shaped  connective-tissue  cells ; 
such  are  the  embryonic  cells  that  one  often  sees  in  the  stroma  of 
a  scirrhous  tumour  where  infection  is  at  work.  If  the  row  of 
connective-tissue  cells  that  lies  nearest  to  the  surface  epithelium 
be  examined  closely,  it  will  be  found  to  consist  of  more  rounded 
or  more  cubical  elements,  darker  in  staining  than  the  rest,  and 
approaching  to  the  form  of  epithelium.  In  looking  at  this 
preparation,  there  seems  to  be  no  reasonable  doubt  that  the 
succession  of  cells  shed  into  the  space  is  derived,  not  solely  from 
a  process  of  fission  in  the  surface  row  of  epithelium,  but  from  the 
nearest  rows  of  stroma-cells,  which  in  their  turn  assume  the 
more  cubical  epithelial  form,  and  occupy  for  a  time  the  position 
round  the  wall  of  the  alveolus.  If  more  particular  evidence  is 
required,  it  may  be  found  at  the  upper  part  of  the  alveolus, 
where  a  row  of  two  or  three  epithelial  cells  are  still  separated 
from  the  cavity  by  one  of  the  fibres  of  the  stroma;  the  fibre  is 
detached  from  the  rest,  but  it  still  practically  restrains  the 
epithelial  cells  in  the  interfascicular  position  where  they  sprang 
up. 

Under  ordinary  circumstances,  the  row  of  epithelial  cells  on 
the  wall  of  the  acinus  would  be  separated  from  the  subjacent 
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tissue  by  a  more  or  less  obvious  basement  membrane ;  whether 
an  actual  and  substantial  basement  membrane  be  present  or  not, 
nothing  can  be  clearer  than  the  total  separation  of  the  epithelium 
from  the  tissue  next  to  it.  But  here  the  line  of  demarcation  of 
epithelium  from  connective  tissue  is  broken  through,  and  it  is 
from  the  latter  source  that  the  successive  generations  of 
epithelial  cells  shed  into  the  cavity  are  recruited. 

Whether  the  central  space  in  fig.  6  is  one  of  the  original  acini 
of  the  gland  dilated,  or  whether  it  is  due  itself  to  an  outbreak  of 
the  infection  in  a  purely  connective-tissue  centre,  is  immaterial 
In  either  case,  the  line  of  contact  of  the  epithelium  with  the 
connective  tissue  shows  the  process  of  infection  at  work.  But 
the  adnus-like  appearance  of  fig.  0  recalls  to  mind  that  the 
structure  of  scirrhous  cancer  is  not  entirely  that  of  an  infiltration, 
or  of  compact  masses  of  cells.  The  cells  may  also  lie  loosely  in 
alveolar  spaces,  and  they  may  have,  as  in  this  case,  more  or  less 
of  the  regular  epithelial  arrangement  The  acinus  in  question 
may  or  may  not  be,  as  I  have  said,  an  original  acinus  of  the 
gland ;  but  it  is  possible  to  identify  in  one  region  of  this  tumour 
(in  one  out  of  several  sets  of  sections  from  different  parts  of 
it)  a  number  of  clusters  of  the  original  acini  variously  distended 
and  altered,  and  the  acinus  of  fig.  6  may  be  said  therefore  to  be 
either  an  original  acinus,  or  to  be  due  to  the  mimicry  of  such  an 
acinus  by  the  elements  of  the  infected  stroma.  That  the  infective 
process  is  capable  of  such  mimicry  may  be  readily  seen  in  the 
scirrhous  tumours  of  the  pylorus  and  of  the  rectum,  and  it  is  a 
perfectiy  familiar  fact  in  all  the  infections  of  the  viscera  and  of 
discontinuous  parts  generally.  That  question  belongs  to  a 
former  part  of  the  paper,  and  need  not  be  re-opened. 

The  breaking  down  of  the  wall  of  partition  between  epithelial 
and  8ub*epithelial  tissues,  as  shown  in  fig.  6,  illustrates  the  real 
nature  of  the  cancerous  invasion  in  the  breast.  The  disease  has 
spread  from  the  glandular  tissue  to  the  connective  tissue,  and  no 
limits  can  now  be  set  to  its  progress.  No  organ  of  the  body  is 
more  of  an  accessory  or  appendage  than  the  breast ;  it  is  simply 
applied  to  the  surface  of  the  pectoral  muscle,  and  it  can  be 
detached  without  leaving  a  trace  behind.  In  like  manner  one 
may  remove  absolutely  those  pre-climacteric  tumours  of  tlie 
breast  which  exist  strictly  within  the  limits  of  the  secreting 
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structure,  and  which  are  as  definitely  circumscribed  and  en- 
capsuled  as  the  fully-expanded  gland  of  health.  But  no  line  can 
be  drawn  round  a  mammary  tumour  where  infection  of  the 
stroma  has  set  in.  The  disease  has  entered  on  a  tissue  which 
goes  all  through  the  body.  The  primary  disturbance  of  the 
glandular  epithelium  has  practically  ceased  to  be  the  disease ; 
it  is  the  infection  of  the  other  tissue  that  now  determines  the 
extent  and  the  rate  of  progress  of  the  malady.  As  soon  as  a 
mammary  tumour  enters  on  the  phase  of  infection,  it  may  be 
said  to  be  beyond  the  reach  of  surgery,  for  infection  cannot  be 
i^trained  by  the  knife.  The  continuous  infection — ^infection  of 
the  neighbourhood — ^appears  to  be  not  dififerent  in  kind  from  the 
discontinuous  infection  that  we  ordinarily  know  as  secondary 
infection.  The  infective  action  which  first  produced  epithelium 
from  the  cells  of  the  connective-tissue  stroma  may  show  itself  in 
the  form  of  a  crop  of  scirrhous  nodules  in  the  adjoining  skin, 
just  as  in  cancers  of  the  intestine,  it  may  produce  a  kind  of 
miliary  eruption  (carcinosis)  in  the  serous  coat.  In  another  direc- 
tion, the  same  infective  influence,  howsoever  conveyed,  causes 
the  pattern  of  the  new  growth  to  arise  out  of  the  parenchyma 
of  the  lymphatic  glands  or  of  the  viscera. 

The  infective  influence  of  the  original  epithelium  on  the  con- 
nective-tissue cells  has  been  compared  to  a  kind  of  action  of 
presence ;  but  that  is  merely  to  compare  one  mysterious  process 
with  another,  and  no  real  explanation  is  conveyed  by  the 
phrase.  This  action  of  presence,  or,  in  other  words,  local  infec- 
tion, is  more  apt  to  occur  in  some  regions  than  in  others.  The 
infection  of  the  neighbourhood,  which  is  the  essence  of  cancer, 
is  most  usually  found  in  epithelial  tumours  of  the  stomach, 
intestine,  uterus,  and  breast  Something  may  be  gained  by 
generalising  the  characters  of  the  disease  in  these  various  organs, 
but  more  will  be  gained  by  treating  the  disease  of  each  organ  apart 
and  by  taking  due  account  of  the  local  circumstances  of  each.  In 
the  case  of  the  breast,  the  condition  of  the  organ  at  the  time  when 
the  disease  is  most  readUy  established  in  it  deserves  the  closest 
attention.  It  is  no  longer  the  voluminous  organ  of  the  time  of 
sexual  maturity,  with  its  lobules  rounded  off,  and  bounded  as  a 
whole  with  a  more  or  less  definite  capsule.  On  the  contrary,  it 
is  made  up  of  a  number  of  irregular  tracts,  probably  having  the 
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ducts  for  their  central  stems,  extendiDg  from  a  sort  of  core  under 
the  nipple  through  a  mass  of  connective  tissue  and  fat  Look- 
ing closer  at  these  remnants  of  the  organ,  the  lobules  are  seen 
to  have  lost  their  roundness,  a^d  even  the  acini  are  found 
ultimately  to  have  lost  their  circular  contour.  Atrophy  does 
not  by  any  means  express  the  whole  of  this  process  of  retro- 
gression. The  secreting  mechanism  is  broken  up,and  the  glandular 
cells  are  disbanded ;  it  may  be  actually  observed,  in  portions  of 
the  breast  that  would  hmily  be  taken  for  diseased,  that  the 
epithelial  cells,  which  were  once  contained  within  well-defined 
acini,  are  scattered  in  disorder  among  the  connective  tissue. 
There  is  at  least  closer  contact  between  the  individual  epithelial 
cells  and  the  stroma,  than  in  the  perfect  state  of  the  organ ;  and 
that  drcumstance  may  be  considered  to  favour  the  mysterious 
action  of  presence  which  occasionally  establishes  itself.  It  may 
be  instructive  to  put  beside  these  facts  observed  in  the  obsolete 
breast,  the  conclusion  of  Professor  Thiersch  in  his  classical  work 
on  epithelial  cancer  (of  the  skin).  '*  The  development,"  he  says, 
'^  of  epithelial  cancer  rests  on  a  disturbance  of  the  histogenetic 
equilibrium  between  epithelium  and  stroma,  to  the  disadvantage 
of  the  stroma,"  p.  78.  Senile  changes,  he  says,  in  the  stroma  of 
the  skin  cause  it  to  offer  less  resistance  to  the  encroachments  of 
the  rete  mucosum^  and  the  latter  grows  downwards  into  the 
stroma;  thereby  an  epithelial  cancer  is  formed.  Professor 
Thiersch  was  led  to  adopt  the  view  that  the  encroachment  of 
the  epidermic  structure  was  always  by  way  of  proliferatiou  of 
the  pre-existing  cells  of  the  rete  mucosum,  and  he  does  not 
admit  infection  as  a  factor  in  the  continuous  extension  of  the 
growth.  But,  notwithstanding  this  radical  divergence  of  opinion, 
his  phrase  *'  disturbance  of  the  histogenetic  equilibrium  between 
epithelium  and  stroma  "  may  with  advantage  be  pressed  into  the 
service  of  that  doctrine  of  local  infection  which  I  believe  to  be 
embodied  in  the  appearances  given  in  fig.  6. 
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THE  HOMOLOGY  OF  THE   SEXUAL  ORGANS   ILLUS- 
TRATED    BY     COMPARATIVE     ANATOMY    AND 
PATHOLOGY.      By    M.    Watson,    M.D.,    Professor    of 
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(Bead  before  the  Medical  Society  of  Manchester,  February  1879.) 

Haying  recently  been  engaged  with  some  investigations  into  the 
comparative  anatomy  of  the  mammalian  generative  organs,  I 
have  been  impressed  with  the  light  which,  as  it  seems  to  me, 
they  throw  upon  the  well-known  conclusions  of  embryologists  as 
to  the  fundamental  similarity  of  plan  upon  which  the  genital 
organs  of  the  two  sexes  are  built  up.  I  have,  therefore,  thought 
that  a  few  remarks  upon  the  subject  might  not  prove  altogether 
uninteresting  to  the  members  of  this  Society.  Although  not 
perhaps  of  any  great  practical  value,  the  study  of  comparative 
anatomy,  so  far  as  I  shall  refer  to  it  to-night,  is  not  altogether 
devoid  of  interest  to  the  medical  practitioner,  inasmuch  as  I 
hope  to  be  able  to  show  that  we  find  in  many  of  the  lower 
animals  structural  arrangements  which,  being  normal  and  con- 
stant in  them,  are  only  occasionally  and  abnormally  present  in 
the  human  subject.  The  investigation,  therefore,  of  these  lower 
and  permanent  forms  is  of  value,  inasmuch  as  it  may  throw 
light  upon  the  rare  and  with  difficulty  procurable  abnormalities 
occasionally  met  with  in  man.  Further,  if  it  be  true,  as  stated 
by  Serres,  that  "  human  organo-genesis  is  a  transitory  compara- 
tive anatomy,  as,  in  its  turn,  comparative  anatomy  is  a  fixed  and 
permanent  state  of  the  organo-genesis  of  man,"  we  shall  in  the 
course  of  these  investigations  find  structural  arrangements 
which,  being  only  evanescent  and  temporary  in  the  human 
embryo,  are  permanently  represented  in  one  or  other  of  the 
lower  animal  forms,  and  thus  be  enabled,  so  to  speak,  to  check 
the  observations  of  the  embryologist,  which,  by  reason  of  the 
minuteness  of  the  structures  he  investigates  and  the  rapidity  of 
the  changes  which  they  undergo,  are  difficult  of  completion  and 
not  unfrequently  admit  of  subsequent  correction.  As  evidence 
of  the  difficulty  of  these  researches,  I  may  merely  mention  the 
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&ct  that  not  fewer  than  four  distinguished  embryolo^ts — 
Mliller,  Bischoff,  Coste,  and  FoUin — arrived  at  erroneons  con- 
closions  with  r^ard  to  the  persistence  and  subsequent  develop- 
ment of  the  primary  sexual  canals  of  the  mammalian  embryo, 
conclusions  which  were  only  corrected  by  the  more  elaborate 
investigations  of  Bathke  and  of  Eobelt 

In  attempting  to  give  a  concise  demonstration  of  the  homo- 
l(^us  structures  in  the  two  sexes,  I  shaU,  in  the  first  place, 
sketch  briefly  the  arrangement  and  mode  of  development  of  the 
sexual  organs  of  the  human  embryo,  and  having  thereby  arrived 
at  certain  conclusions,  shall  endeavour  to  show  that  these  are 
further  substantiated  by  a  reference  to  the  facts  of  comparative 
anatomy  and  of  human  pathology. 

Eor  the  sake  of  clearness  of  description,  we  may  conveniently 
distinguish  two  portions  of  the  generative  system  in  each  sex, 
an  inUmal  and  an  external,  including  in  the  former  all  those 
parts  which  lie  internal  to  or  above  the  junction  of  the  sexual 
and  the  urinary  passages,  and  in  the  latter  those  which  lie 
external  to  or  below  that  point.  In  the  female  the  internal  organs 
thus  defined  include  the  ovary,  the  Fallopian  tubes,  uterus,  and 
vagina;  whilst  the  external  organs  comprise  the  vestibule, 
clitoris,  and  glands  of  Bartholini.  In  the  maU  the  testicles 
with  their  ducts,  the  seminal  vesicles,  and  the  vesicula  pros- 
tatica  constitute  the  intemai  organs ;  whilst  the  penis,  scrotum, 
aud  Cowperian  glands  form  the  external  organs  of  generation. 

Internal  Organs  of  Generation. 

Developmental  Sketch  of  Internal  Organs  in  Man. 

At  an  early  period  of  embryonic  life  two  glandular  bodies — ^the 
Wolffian  bodies,  or  primordial  kidneys — make  their  appearance 
within  the  abdominal  cavity.  Each  of  these  is  provided  with  a 
duct — the  Wolffian  duct, — which,  passing  backward  along  the 
outer  side  of  the  corresponding  Wolffian  body,  opens  posteriorly 
into  the  sac  of  the  allantois.  At  ^  somewhat  later  date  two 
other  ducts — the  MiiUerian — become  visible  on  the  anterior 
surfaces  of  the  Wolffian  bodies,  with  which,  however,  they  are 
not  physiologically  connected.      These  ducts,  likewise,   when 
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traced  backward,  after  coining  into  close  proximity  to  the 
Wolffian  ducts  to  form  the  so-called  genital  cord,  are  seen  to 
open  into  the  allantoic  sac,  whilst  their  anterior  extremitieB 
communicate  with  the  pleuro-peritoneal  cavity.  As  r^ards  the 
allantois,  Uie  observations  of  embryologists  show  that  its  lower 
or  proximal  portion  undergoes  changes  which  result  in  the 
formation  of  a  wide  expanded  receptacle — the  future  urinary 
bladder— and  of  a  narrow  contracted  segment  which  ultimately 
forms  the  commencement  of  the  urethra  in  the  male,  and  the 
whole  length  of  that  canal  in  the  female.  The  termination  of 
the  urethra,  taken  in  the  stricter  sense  as  signifying  the  passage 
by  means  of  which  the  urine,  and  the  urine  alone  is  expelled, 
is  indicated  in  both  sexes  by  the  junction  of  the  urinary  and 
sexual  canals.  This  junction  takes  place  in  the  adult  male 
aftout  the  middle  of  the  so-called  prostatic  urethra,  and  in  the 
adult  female  at  the  vestibule.  Beyond  this  point  lies  the  uro- 
genital canal  which  is  common  to  both  urinary  and  sexual 
systems,  and  the  development  of  which  we  shall  consider  along 
with  the  external  organs  of  generation.  All  the  parts  above 
described  are  common  to  embryos  of  both  sexes,  so  that,  up  to 
a  certain  time,  the  latter  are  indistinguishable  from  one  another. 
From  this  time  onward,  however,  changes  take  place  which 
result  in  the  differentiation  of  the  sexual  organs.'  In  the  iruUe, 
the  Wolffian  ducts  persist  and  ultimately  form  the  vasa  defer- 
entia,  the  vesiculse  seminales  being  developed  as  diverticula  &om 
their  posterior  extremities,  whilst  the  Miillerian  ducts  atrophy, 
with  the  exception  of  a  small  portion,  which  persists  as  the 
vesicula  prostatica  or  male  uterus.  In  the  female,  on  the  other 
hand,  the  Wolffian  ducts  disappear  almost  entirely,  whilst  the 
Miillerian  ducts,  previously  coalesced  in  part  of  their  course, 
remain  as  the  vagina  and  uterus,  their  non-coalescent  portions 
persisting  as  the  Fallopian  tubes. 

From  this  developmental  sketch  it  will  be  evident  that,  as  in 
both  sexes  the  urinary  bladder  and  urethra  down  to  the  junction 
of  the  latter  with  the  sexual  ducts  are  developed  in  a  similar 
manner  from  a  similar  fundamental  structure — the  allantois, — 
they  are  strictly  homologous  in  both,  and  that,  therefore,  the 
bladder,  plus  the  entire  urethra  of  the  female  is  homologous  with 
the  bladder,  phis  the  upper  portion  of  the  prostatic  urethra  of 
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ate  male.  In  like  maimer,  inasmuch  as  the  Mlillerian  and 
Wolffian  ducts  are  fundamental  structures  common  to  both 
sexes,  those  parts  which  are  developed  from  each  of  them  respec- 
tively must  likewise  be  homologous,  and  therefore  the  vagina, 
uterus,  and  Fallopian  tubes  of  the  female  must  be  regarded  as 
being  represented  (in  part  at  least)  by  the  vesicula  prostatica  of 
the  male ;  whilst  the  Wolffian  ducts,  transformed  in  the  male 
into  the  vasa  deferentia,  are  represented  in  the  human  female  by 
a  portion  of  the  apx>arently  functionless  organ  of  Bosenmliller. 

From  the  foregoing  sketch  it  will  be  seen  that  in  tracing  the 
development  of  the  sexual  apparatus  we  start  from  an  arrange- 
ment which  is  common  to  both  sexes,  these  latter  gradually 
diverging  from  each  other  through  the  changes  which  occur  in 
the  genital  ducts  of  each.  These  transformations  are  indicated 
in  the  following  table  transcribed  from  the  last  edition  of  Quain's 
Anatomy : — 

Wolffian  Ducts, 
Female.  Male. 

Tube  of  the  Epoophoron,    .     1.  Upper  part^.        .  j  ^^^^  ^^  ^^  ^P'^'' 

Yas  deferens  and  vesiciiloe 
seminales. 


'^.^^.^"•'"""h-^""'*'^- 


MUllerian  Duds, 

^tdlS^n  tAeT*?     «;jl.Dpperext«nuty,     Hydatid  of  Monwjni 

mopuuitabes..        .        .    2.  Middle  part.        •  ^t^.  ^J^SgS^""    °' 
Ya^ina  and  ntenitf,     .  8.  Lower  part,.  Yedcula  prostatica. 

Now,  such  being  the  final  destination  of  those  parts,  which, 
as  we  have  seen  are  common  to  the  human  embryo  of  both  sexes 
at  an  early  period  of  development,  and  inasmuch  as  we  find 
that  in  respect  of  other  systems  the  various  stages  through  which 
these  pass  in  the  embryos  of  the  higher  animals  are,  so  to  speak, 
rendered  fixed  tmd  permanent  in  the  adult  condition  of  forms 
lower  in  the  scale  of  being,  we  may,  reasoning  from  analogy, 
anticipate  that  the  same  law  will  hold  good  of  the  generative 
system,  and  that  the  different  stages  through  which  the  organs 
composing  this  system  pass  in  the  case  of  the  human  embryo 
shall  be  represented  by  permanent  arrangements  of  the  corres- 
ponding parts  in  the  lower  animals.    And,  as  a  matter  of  fact,  we 
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do  find  that,  in  so  far  as  this  system  is  concerned,  the  law  above 
enunciated  holds  good. 

At  an  early  period  of  embryonic  life  the  digestive,  the 
urinary,  and  the  generative  organs  of  the  human  embryo  have 
a  common  opening  to  the  exterior,  and  this  stage  remains 
permanent  throughout  life  in  the  bird,  in  which  we  find  a 
cloaca  opening  externally  and  receiving  the  products  of  all 
three  systems,  but  never  undergoing  a  process  of  differentiation 
into  two  distinct  channels  for  the  transmission  of  the  genito- 
urinary and  alimentary  products,  such  as  we  find  takes  place 
in  the  higher  mammals.  We  have  seen  that  in  the  male 
human  embryo  the  MiiUerian  ducta  originaUy  preaent,  aa  in 
other  mammals,  almost  entirely  disappear,  except  in  so  far  as 
they  contribute  to  the  formation  of  the  vesicula  prostatica ;  ajid 
we  have  now  to  inquire  whether  there  are  any  male  mammals 
in  which  these  ducts  do  not  atrophy  to  the  same  extent  as  in 
man,  and  so  represent  an  intermediate  stage  between  the  normal 
and  almost  complete  disappearance  of  these  in  the  human  male 
and  the  large  size  which  they  maintain  in  the  human  female. 
If  such  we  can  find,  we  shall  thereby  confirm  the  homologies 
already  arrived  at  from  the  study  of  embryology. 

Examples  of  Male  Uterus  in  Animals. 

Proceeding  with  this  investigation,  we  find  a  number  of  such 
animals,  and  drawings  of  the  parts  in  question  in  two  of 
them,  the  beaver  and  the  ass  (figs.  1  and  2),  in  which  they  are 
most  strongly  pronounced,  will  be  found  among  our  illustrations. 
The  size  of  the  remnant  of  the  MiiUerian  ducts  varies  much  in 
different  animals,  and  there  does  not  appear  to  be  any  definite 
law  regulating  either  this  or  the  form  which  such  remnant 
assumes  in  the  adult.  It  is  not  larger  in  the  lower  Tnii.TnTnft1.q 
than  in  the  higher,  indeed,  in  the  marsupials  it  is  generally 
absent,  there  not  being,  as  a  rule,  the  slightest  trace  of  a  vesicula 
prostatica  in  the  male  marsupial.^  Dr  Alfred  Young*  has  recently 
directed  attention  to  its  presence  in  the  Fhascolarctos  koala,  and 
this  observation  I  have  myself  confirmed ;  but  the  presence  of 
a  vesicula  prostatica  must  be  regarded  as  quite  exceptional 

'  Leuckart,  Oycl  A-nat,  andPhys.  art.  "Vesicula  Pi-ostatica." 
*  Journal  of  Anatomy  aitd  Physiology^  toI.  xiii.  p.  316. 
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among  the  maisnpials.  It  is  equally  absent  in  many  of  the 
Sodentia  (mouse,  rat,  squiirel)/  whilst  in  others,  as  the  beaver 
(fig.  1),  it  is  of  large  size,  and  bifurcated  at  its  extremity,  pre- 
senting in  this  respect  a  striking  similarity  to  the  double-homed 
utems  of  the  opposite  sex.  Among  solipeds  and  ruminants  the 
Yesicnla  prostatica  is  generally  distinguishabley  is  sometimes  of 
large  size,  and  may  even  be  bifurcated  at  its  extremity,  as  in 
the  ass  (fig.  2)  and  goat  Lastly,  it  is  reduced  to  a  minimum  in 
the  quadrumana,  in  which  it  is  not  larger  than  in  the  human 
subject.  Thus  in  the  lowest  and  in  the  highest  mammals  the 
vesicula  prostatica  is  small,  whilst  in  the  different  members  of 
one  and  the  same  group  it  may  either  attain  to  considerable 
dimensions  or  be  altogether  absent. 

Transverse  Dismemberment  of  Uterus  and  Vagina  in 

tlie  Male. 

We  have  seen  that  in  the  human  female  the  Mtillerian  ducts 
unite  to  form  the  uterus  plus  the  vagina,  the  latter  representing 
the  lower  portion  of  the  coalesced  ducts,  the  former  the  higher 
portion.  The  non-coalescent  segments  of  the  ducts  remain  as 
the  Fallopian  tubes.  Origin^dly  the  uterus  and  vagina  form  a 
continuous  tube  without  any  difference  of  structure  at  different 
parts,  and  only  in  the  fifth  or  sixth  month  of  intra-uterine  life 
do  we  find  that  transverse  dismemberment  taking  place  which 
indicates  the  separation  of  the  future  uterus  from  the  future 
vs^na.  In  the  male  of  the  human  species  this  transverse  dis- 
memberment seldom  occurs,  and  therefore  no  argument  can  be 
drawn  from  the  normal  structure  of  the  vesicula  prostatica  in  him 
in  favour  of  the  correspou  deuce  of  the  latter  with  the  vagina  and 
uterus  of  the  opposite  sex ;  and,  so  far  as  mere  strricture  goes,  we 
might,  in  the  absence  of  other  considerations,  conclude  that  the 
vesicula  prostatica  of  the  human  male  represents  either  the 
uterus  or  the  vagina  of  the  female,  but  not  both.  When,  how- 
ever, we  turn  to  the  lower  animals,  we  find  a  very  cogent  argu- 
ment in  favour  of  the  view  that  the  vesicula  prostatica  of  the 
male  represents  both  the  uterus  and  vagina  of  the  opposite  sex, 
not  only  inasmuch  as  in  many  of  these,  as  we  have  seen,  the 

1  Leuckart,  Oifcl.  Anat,  and  Pky$,  art  ^'YeBicala  Ptostatica." 
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free  extremity  of  the  male  yesicnla  prostatica  separates  into  two 
comua  in  precisely  the  same  maoner  as  the  uterus  of  the  oppo- 
site sex,  but  also  from  the  fact  that  sometimes,  although  rarely, 
it  presents  at  one  point  a  well-defined  constriction  which  indi- 
cates externally  the  position  of  an  os  uteri  masculini  in  the 
interior.  In  such  cases  we  have  an  almost  exact  reproduction 
in  the  male  of  the  permanent  condition  of  the  Mtillerian  ducts 
in  the  female.  As  an  example  of  this  arrangement,  a  drawing  of 
the  male  organs  of  a  goat  (fig.  3) — an  animal  in  which  this  arrange- 
ment appears  to  be  far  from  unconunon — ^is  here  reproduced. 

It  is  to  be  observed  that  the  view  above  advocated  is  not 
invalidated  by  those  cases  in  which,  as  in  the  human  subject, 
the  vesicula  prostatica  presents  no  trace  of  either  comua  or  of 
OS  uteri  masculini.  It  is,  in  the  absence  of  the  latter  evidently 
impossible  to  determine  how  much  of  the  structure  in  question 
ought  to  be  regarded  as  uterus  and  how  much  as  vagina.  Mor- 
phologically, undoubtedly,  its  lower  part  represents  the  vagina, 
but  where  the  latter  ends  and  the  uterus  begins,  in  the  absence 
of  any  anatomical  or  physiological  distinction  between  its  parts, 
it  is  manifestly  impossible  to  determine.  At  the  same  time,  it 
ought  to  be  stated  that  a  consideration  of  those  exceptional 
cases  of  the  human  male,  to  which  attention  will  hereafter 
be  directed,  in  which  a  distinct  structural  severance  between 
the  parts  of  the  vesicula  prostatica  does  take  place,  tends  to 
show  that  the  normally  minute  vesicula  prostatica  represents 
the  vagina  alone  of  the  opposite  sex,  the  male  uterus  when 
present  being  represented  by  a  portion  of  the  Mullerian  ducts, 
which,  in  the  majority  of  cases,  altogether  atrophies  and  dis- 
appears. 

Absence  of  Transnerse  Severance  of  Uterus  and  Vagina  in 

the  Female. 

In  the  majority  of  female  mammals,  among  which  I  may 
mention  man,  the  quadrumana,  and  the  greater  number  of  the 
camivora,  a  well-marked  os  uteri  is  present,  and  seems  to  define 
the  limits  of  the  uterus  and  vagina  respectively.  In  some,  how- 
ever, this  structural  separation  is  wanting ;  and,  if  further  proof 
in  favoui  of  the  homologies  above  indicated  were  needed,  it  is  to 
be  found  in  the  consideration  of  these  cases.     In  this  connection 
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it  is  necessary  to  distinguish  two  groups  of  animals — ^firstly, 
those  in  which  a  structural  separation  between  the  uterus  and 
vagina  never  occurs,  the  coalesced  portions  of  the  ducts  of 
Mtiller  forming  uterus  (physiological),  and  uterus  alone;  and, 
secondly,  those  in  which,  although  a  physiolc^cal  vagina  is 
formed  by  the  lower  ends  of  the  combined  Miillerian  ducts, 
there  is  no  distinct  line  of  demarcation  between  the  former  and 
the  physiological  uterus, — ^in  other  words,  in  which  there  is  no 
distinct  os  uteri.  The  first  of  these  groups  is  extremely  limited, 
and,  so  far  as  I  am  aware,  includes  but  two  species,  the  Hycena 
cromtta  (fig.  21),  and  Elephas  IniicuA  (fig.  5).  In  neither  of 
these  animals  is  there  any  vagina,  the  united  Miillerian  ducts 
forming  a  single  tube  without  transverse  dismemberment,  and 
inasmuch  as  this  tube  is  adapted  to  the  accommodation  of  the 
young,  we  must  r^ard  it  as  representing  the  uterus,  and  the 
uterus  alona 

It  is  true  that  Professor  MialP  is  of  opinion  that,  in  the  Indian 
elephant  there  is  a  distinct  os  uteri,  and  consequent  separation 
of  the  uterus  from  the  vagina ;  but  inasmuch  as  his  drawing  (fig. 
5)  of  the  female  oi^ns  of  this  animal  shows  that  there  is  no 
trace  of  comua  uteri  in  which,  as  distinguished  from  Fallopian 
tubes,  the  young  could  be  accommodated,  and  as  that  portion  of 
the  united  Miillerian  ducts  which  lies  above  the  so-called  os 
uteri  appears  much  too  limited  in  extent  to  permit  of  the  uterine 
fiinctions  being  efiectively  performed  during  the  period  of  gesta- 
tion, we  are  inclined  to  regard  the  whole  length  of  the  coalesced 
Miillerian  ducts  as  forming  uterus,  and  uterus  alone,  rather  than  as 
uterus  and  vagina,  the  functions  of  the  latter  being  in  this  animal 
delegated  to  the  uro-genital  canal.  That  Professor  Miall  himself 
entertains  doubts  with  regard  to  his  interpretation  of  these  facts 
is  evident  from  his  remark,  that  "  it  would  be  interesting  to 
know  something  of  the  gravid  uterus  of  the  elephant,  and  in 
particular  to  ascertain,  by  direct  observation,  in  what  part  of  the 
united  sexual  ducts  the  foetus  is  lodged,  but  we  have  no  obser- 
vations before  us  which  bear  upon  this  point." 

But,  whatever  may  be  said  with  regard  to  the  Indian  elephant, 
there  can  be  no  doubt  that,  in  the  female  of  Hyama  crocuta,  the 
coalesced  portions  of  the  Miillerian  ducts  form  uterus  and  utenis 

^  Journal  of  Jnat.  and  Phys.  vol.  xiii.  p.  81. 
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alone,  the  f  anctional  vagina  being  represented  by  the  uro-genital 
canal. 

Thus,  just  as  on  the  one  hand  in  the  males  of  certain  mammals 
we  have,  as  an  exceptional  occurrence,  a  transverse  severance  of 
the  vesicula  prostatica  into  uterus  and  vagina,  so,  on  the  other 
hand,  we  find,  as  an  exceptional  occurrence,  females  in  which 
what  may  be  called  the  normal  dismemberment  between  these 
oigans  never  manifests  itself,  the  Miillerian  ducts  uniting  to  form 
uterus,  and  uterus  alone.  In  Hyama  croctUa  and  Mephas  Indicus 
this  exclusively  uterine  destination  of  the  Miillerian  ducts  must 
be  regarded  as  altogether  exceptional,  as  also  the  fact  that  in 
both  the  vagina,  although  without  doubt  morphologically  repre- 
sented by  the  lower  part  of  the  uterus,  is,  physiologically  s]ieak- 
ing,  replaced  by  the  uro-genital  canaL 

As  instances,  however,  of  the  second  and  laiger  group  of 
mammals,  comprising  those  in  which  the  lower  portion  of  the 
Miillerian  ducts  persists  as  a  physiological  vagina,  and  yet  in 
which  there  is  no  indication  of  a  structural  separation  between 
it  and  the  uterus,  in  other  words,  in  which  no  os  uteri  is  present, 
I  may  mention  the  common  mole  (Talpa  em'opea)  among  the 
Insectivora,  the  six-banded  armadillo  (Dasypus  sexcincttis)  and 
three-toed  sloth  {Bradypus  tridactylus)  among  the  Edentata,  and 
the  common  pig  (^S^  scrqfa)  among  the  Pachyderms.^ 

I  have  already  shown,  upon  embryological  grounds,  that  the 
uterus  of  the  female  and  the  vesicula  prostatica  of  the  male 
are  alike  formed  by  the  fusion,  to  a  greater  or  less  extent 
of  the  two  Miillerian  ducts.  It  remains,  following  out  the 
original  plan  of  this  communication,  to  show  that  the  study 
of  comparative  anatomy  and  of  human  pathology  serves  to  sub- 
stantiate the  conclusions,  in  this  respect,  of  the  embryologist 

Coalescence  of  the  Miillerian  Buds  illustrated  by  Comparative 

AvMomy, 

An  examination  of  the  adult  Tnale  organs  throughout  the 
mammalia  yields,  relatively  to  the  number  of  species  in  which 
these  have  been  accurately  examined,  but  few  facts  in  con6rma- 
tion  of  the  essentially  double  nature  of  the  male  uterus,  for  the 

'  Owen,  AjuUomy  qf  FerUbralea, 
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reason  that,  in  the  majority  of  male  mammals,  what  little 
remains  of  each  Miillerian  duct  becomes  in  the  adult  so  inti- 
mately fused  with  its  fellow  as  to  leave  almost  no  trace  of  the 
original  independence  of  the  two  tubes.  At  the  same  time,  the 
bifurcated  condition  of  the  vesicula  prostatica  in  the  ass,  beaver, 
elk,  badger,  &c.,  before  referred  to,  furnishes  sufficient  proof  that 
the  vesicula  prostatica  of  the  male  is  essentially  a  compound 
structure  like  the  uterus  of  the  female. 

Turning,  however,  to  ike  female  organs,  comparative  anatomy 
furnishes  us  with  abundant  evidence  confirmatory  of  embryo- 
logical  conclusions  r^arding  the  formation  of  the  uterus  and 
vagina.  Among  the  lower  animals  we  have  examples  of  all 
grades  of  coalescence  of  the  Miillerian  ducts,  from  the  almost 
complete  separation  of  them  through  life,  to  their  almost  perfect 
fusion  to  form  a  single  structure.  B^inning  with  the  lower 
groups  of  the  mammalia,  we  find  that  among  the  marsupials  the 
ducts  of  Miiller  occasionally  remain  distinct  in  their  entire 
length  throughout  life,  so  that  in  these  animals  we  have  two 
vaginse  and  two  uteri,  the  structures  of  opposite  sides  being  only 
connected  at  their  openings  into  the  uro-genital  canaL  Such  is 
the  arrangement  in  the  opossum  (Diddphis),  fig.  6.  In  others, 
again,  as  the  kangaroos,  the  Miillerian  ducts  unite  together  in 
the  lower  part  of  their  course,  the  two  vaginse  of  these  animals 
being  separated  by  a  mesial  septum,  which  however  is  incom- 
plete. The  two  uteri,  on  the  other  hand,  are  quite  separate.  In 
the  biscachia  {Lagostormis),  among  rodents,  there  is  a  more 
marked  coalescence  of  the  MtQlerian  ducts,  inasmuch  as  they 
unite  to  form  a  single  vagina,  whilst  the  two  halves  of  the  uterus 
are  completely  separated  from  one  another  by  a  mesial  septum 
which  extends  as  far  down  as  the  upper  third  of  the  vagina.  In 
this  animal  there  are  consequently  two  ora  uteri.  In  this  case 
there  is  an  advance  in  degree  of  the  coalescence  of  the  MtQlerian 
ducts  over  that  which  occurs  in  the  kangaroos,  the  mesial  septum 
being  confined  to  the  wpper  third  of  the  single  vagina.  In  the 
hares  {Zeporidce)  fig.  4,  also  we  find  a  complete  septum  uteri,  but 
in  these  it  stops  short  at  the  os  uteri,  the  vagina  presenting  no 
trace  of  its  original  duplicity.  In  them  also  the  os  uteri  is 
double,  the  two  comua  uteri  opening  into  the  single  vagina  by 

*  Owen,  Proceed.  Zool.  Soc.  1889,  p.  177. 
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distinct  orifices.  A  farther  stage  of  coalescence  of  the  Mtillerian 
ducts  is  seen  In  the  uterus  of  the  majority  of  the  camivora,  as 
well  as  in  that  of  the  cow  (fig.  7),  mare,  and  other  anunals  in 
which  the  septum  separating  the  two  comua  does  not  extend  as 
far  as  the  os  uteri.  In  such  cases  we  have  a  single  corpus  uteri 
provided  with  two  distinct  comua.  In  Bradypus  didactylus^  the 
septum  between  the  two  comua  uteri  has  almost  completely  dis- 
appeared, being  confined  to  the  anterior  wall  of  the  uterus; 
whilst  in  the  higher  monkeys  and  in  man  it  has  disappeared 
entirely,  and  the  two  uterine  horns  have  completely  coalesced  to 
form  a  single  corpus  uteri  presenting  no  trace  of  its  original 
composition. 

Coalescence  of  the  Miillerian  Ducts  illustrated  by 

Human  Paihology. 

Corresponding  to  the  forms  of  utems  above  referred  to  in  the 
lower  animals  we  have  a  series  which,  occurring  as  malforma- 
tions in  the  human  female  through  imperfection  of  the  normal 
coalescence  of  the  Miillerian  ducts,  almost  reproduce  the  former. 
As  parallels  to  the  arrangement  inet  with  in  the  opossum,  in 
which,  as  we  have  seen,  the  ducts  remain  distinct  throughout 
their  course,  we  have  those  cases  of  utems  didelphys  which 
occur  occasionally  in  the  human  female  (fig.  8).  This  abnor- 
mality appears  to  be  constantly  associated  with  others  such  as 
render  continued  existence  impossible,  and  consequently  is  met 
with  only  in  the  child  at  birth  or  in  the  immature  foetus;  at  least, 
so  far  as  I  can  ascertain,  we  have  no  record  of  its  occurrence  in 
the  adult  But,  whilst  such  cases  are  met  with  only  in  early  life, 
there  is  another  set  of  cases  of  much  interest  occurring  in  the 
adult  female.  I  allude  to  those  in  which  the  MliUerian  ducts,  ex- 
hibiting their  normal  tendency  to  coalesce,  unite  so  far  as  those 
portions  which  ultimately  form  the  utems  and  vagina  are  con- 
cerned, but  uniting,  retain  the  mesial  septum  which,  originally 
separating  the  two  canals,  normally  disappears.  The  result  is  a 
double  uterus  and  vagina,  the  halves  of  which  are  closely  con- 
nected together  extemcdly,  but  internally  are  shut  off  from  one 
another  by  the  mesial  septum  above  referred  to  (fig.  9).    These 

'  Owen,  Anat,  of  FertebrcUeSf  vol.  iii.  p.  690. 
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cases  exhibit  an  advance  in  development  when  compared  with 
those  previously  lefeired  to.  In  the  latter  the  Mtilleiian  dacts 
remain  as  distinct  structures,  and  are  in  no  way  united,  whilst 
in  the  former  they  have,  so  to  speak,  obeyed  the  normal  impulse 
so  far  as  to  become  united  externally,  the  lumina  of  the  tubes, 
however,  remaining  quite  distinct.  Malformations  of  this  class, 
occurring  in  the  human  female,  closely  resemble  the  normal 
arrangement  of  the  parts  above  described  in  the  kangaroo  among 
marsupials,  and  the  biscachia  among  rodents,  difiTering  however 
in  the  more  complete  retention  of  the  mesial  septum  which,  as 
we  have  seen,  divides  both  uterus  and  vagina  into  two  com- 
pletely separated  tubes,  whilst,  in  both  the  animals  mentioned, 
the  septum  vagin»  is  incomplete.  An  exactly  similar  arrange- 
ment, however,  to  that  which  characterises  the  female  organs  of 
biscachia  occurs,  exceptionally,  in  the  human  female.  A  draw- 
ing of  it  will  be  found  among  the  illustrations  (fig.  10).  Another 
class  of  cases  reported  by  teratologists  as  occurring  in  the  human 
subject  exhibit  a  still  greater  advance  in  the  direction  indicated. 
In  these  the  septum  vaginae  has  entirely  disappeared,  and  in- 
dications of  the  original  separation  of  the  component  halves  of 
the  genital  organs  is  limited  to  the  uterus  in  which  a  complete 
septum  persists,  but  does  not  extend  beyond  the  os  uteri  Such 
cases  almost  reproduce  the  arrangement  which  we  have  seen  to 
characterise  the  female  organs  among  the  Leporidae,  in  which 
there  are  two  distinct  ora  uteri  communicating  with  altogether 
distinct  cornua,  but  opening  into  a  single  vagina.  Cases  of  this 
kind,  occurring  in  the  human  female,  appear  to  be  somewhat 
uncommon,  and  I  have  been  unable  to  find  a  representation  of 
one.  The  case  last  referred  to,  however  (fig.  10),  approaches 
very  closely,  to  it 

Again,  in  figs.  11  and  12  we  have,  occurring  as  an  abnormality 
in  the  human  female,  an  arrangement  similar  to  that  met  with 
in  most  of  the  domestic  animals  (cow,  mare,  &c.).  In  these  the 
septum  vaginae  has  entirely  disappeared,  whilst  the  septum  uteri 
has  so  far  atrophied  as  to  admit  of  a  free  communication  between 
its  two  cornua  through  the  intervention  of  a  distinct  corpus 
uteri  which  opens  into  the  vagina  by  a  single  os.  Lastly,  in 
the  normal  uterus  of  the  human  female,  the  septum  uteri  has 
eniireiy  disappeared,  and  a  single  corpus  uteri,  without  any  trace 
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of  comua,  alone  remains,  and  into  it  the  Fallopian  tubes  enter. 
This  arrangement  is  reproduced  in  the  higher  quadrumana. 

Occasional  occurrence  of  Uterus  o/  Large  Siae  in  the 

Human  Male, 

The  facts  above  enumerated,  derived  from  the  study  of 
embryology  and  of  comparative  anatomy,  appear  to  leave  no 
doubt  as  to  the  vesicula  prostatica  being  the  homologue  of  the 
uterus.  We  may,  however,  farther  inquire  as  to  whether  the 
study  of  human  pathology  lends  any  support  to  this  view. 

Now,  several  cases  have  been  put  on  record  in  which,  in  the 
human  male,  an  organ  of  large  size,  and  similar  in  form  to  the 
uterus  of  the  opposite  sex,  occupied  the  place  of  the  normally 
diminutive  vesicula  prostatica.  In  such  cases  the  Miillerian 
ducts  in  the  male  have,  as  it  were,  assumed  the  mode  of  growth 
and  consequent  form  which,  under  ordinary  circumstances,  are 
characteristic  of  the  female. 

To  examine  all  the  cases  which  have  been  put  on  record 
would  only  weary  the  reader,  and  I  shall  therefore  content  my- 
self with  a  reference  to  two  of  the  most  marked,  one  of  which  is 
delineated  in  figs.  13  and  14.  The  first  to  which  I  shall  refer  is 
reported  by  Petit,^  and  occun^ed  in  the  body  of  a  man  aged 
twenty-two.  Sir  James  Simpson^  thus  describes  it : — "  The 
external  organs  appear  to  have  presented  no  deviation  froiQ  the 
male  type,  except  in  the  absence  of  the  testicles  from  the 
scrotum,  these  bodies,  with  male  vasa  deferentia,  vesiculae  semi- 
nales,  and  a  prostate,  were  found  to  co-exist  with  female 
Fallopian  tubes,  and  an  uterus  that  was  attached  to  the  neck  of 
the  urinary  bladder,  and  opened  into  the  urethra  between  this 
neck  and  the  prostate.  The  form  of  this  imperfect  uterus,  M. 
Petit  remarks,  merited  for  it  rather  the  name  of  a  vagina  than  of 
an  uterus,  and  it  resembled  more  this  organ  in  the  female 
quadruped  than  in  woman.  From  the  body  of  the  uterus,  at 
3  inches  from  its  entrance  into  the  urethra,  two  Fallopian  tubes 
arose.  These  tubes  were  perforated,  and  were  3^  inches  long ; 
their  abdominal  extremities  were  not  loose  and  provided  with 
fimbriae,  but  were  attached  to  a  small  soft  body  on  each  side, 

*  Hist,  de  rjcad.  Hoy.  des  Sc,  1720,  p.  38. 

*  Cyc.  of  Anat.f  art.  "Heruiaphrodittm." 
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occupyiag  nearly  the  natural  situation  of  the  ovaries,  but  having 
the  substance  or  structure  of  the  testicles,  and  provided  with  an 
epididymis  and  vas  deferens.  The  vasa  def eientia  weie  each  7^ 
inches  long,  and  were  attached  to  two  long  and  rather  slender 
vesiculffi  seminales  placed  alongside  of  the  uterus.  The  vesiculsB 
opened  into  the  urethra  by  two  ducts." 

The  second  case,  drawings  of  which  will  be  found  among 
our  illustrations  (figs.  13  and  14),  is  recorded  by  Franque,^  and 
almost  exactly  resembles  that  above  described.  It  differs,  how- 
ever, in  the  important  particular  that  the  vagina  was  clearly 
differentiated  from  the  uterus  through  the  development  of  a  well- 
marked  OS  uteri.  The  vasa  def erentia,  moreover,  did  not  remain 
pervious  to  their  terminations,  and  were  for  a  considerable  part 
of  their  course  embedded  iq  the  wall  of  the  uterus,  exactly  as 
are  their  homologues,  the  canals  of  Gaertner  in  the  uterine  wall 
of  the  sow. 

Sir  James  Simpson's  observations  on  the  first  of  these  cases 
are  of  interest  from  a  physiological  point  of  view.  He  says — "  In 
a  note  appended  to  this  case,  M.  Petit  states  that  he  had  been 
consulted  by  a  man  who  rendered  blood  by  the  penis  regularly 
every  month  without  pain  or  any  troublesome  symptom. 
Perhaps,  adds  M.  Petit,  this  man  had  also  a  concealed  uterus. 
We  have  been  informed,  on  credible  authority,  of  two  similar 
cases,  the  one  in  a  young  unmarried  man  of  seventeen  years  of 
age,  and  the  other  in  a  person  who  had  been  married  for  several 
years  without  his  wife  having  had  any  children.  In  both  of 
these  cases  the  discharge  was  in  very  considerable  quantity,  and 
perfectly  regular  in  its  monthly  occurrence.  Did  it  consist  in  a 
periodical  haemorrhage  from  the  urinary  bladder  or  passages 
only  ?  or  was  it,  as  M.  Petit  seems  to  suppose  in  this  instance,  of 
a  true  menstrual  character,  and  produced  by  the  reproductive 
organs  of  the  female  existing  internally,  and  communicating 
with  the  bladder  or  urethra  ? " 

Persistence  of  the  Wolffian  Ducts  in  Females  of  the  Lower  Animals. 

Having  now  seen  that  in  many  and  indeed  in  the  majority  of 
male  mammals,  we  find  a  remnant  of  those  sexual  ducts — ^the 
Miillerian,  which  only  attain  their  highest  anatomical  and  physio- 

^  Scanzonrs  Bertr&ge  mbr  Oeburtskunde,  Band  IV.  p.  25. 


64  PROFESSOB  M.  WATSON. 

logical  development  in  the  female — ^we  have  in  the  next  place  to 
inquire  whether  comparative  anatomy  throws  any  light  on  the 
persistence  of  those  ducts,  the  Wolffian,  which  are  only  function- 
ally perfect  in  the  adult  male.  For  if  we  be  able  to  find  cases  in 
which  in  the  female  along  with  the  functionally  perfect  Mullerian 
ducts,  there  coexist  remnants,  however,  imperfect  of  the  pre- 
mordial  Wolffian  ducts,  which  as  we  have  seen  are  originally 
common  to  both  sexes,  we  shall  thereby  be  enabled,  so  to  speak, 
to  cross  check  our  previous  observations  in  so  far  as  these  relate 
to  the  homologous  parts  in  the  two  sexes.  Now,  such  cases  are 
not  uncommon  among  the  lower  mammals  in  several  species,  of 
which,  as  for  example,  some  monkeys,  the  mare,  cow,  rhinoceros, 
pig,  and  certain  cetacea,  we  find  the  Wolffian  ducts  persisting 
throughout  life,  as  the  so-called  canals  of  Gaertner  (fig.  15). 
These  canals  are  of  very  different  sizes  in  different  species.  In 
the  mare,  for  instance,  they  are  small,  and  indeed  sometimes  in- 
distinguishable ;  whilst  in  the  cow,  and  more  especially  in  the 
pig,  they  are  of  large  size.  They  commence  above,  lying  in 
close  relation  to  the  so-called  organ  of  Rosenmtiller  (which  it 
will  be  noticed  Banks  ^  has  shown  to  be  the  permanent  repre- 
sentative in  the  female  of  that  structure,  which  in  the  male  forms 
the  epididymis  of  the  testicle),  and  running  down  either  in  the 
substance  of  the  uterine  wall,  or  in  close  proximity  to  it  between 
the  layers  of  the  broad  ligament  of  the  uterus,  terminate  by 
opening  into  the  uro-genital  sinus  on  either  side  of  the  urethral 
aperture.  These  cases  serve  to  show  that  just  as  in  certain  males 
we  have  permanent  remnants  of  truly  female  canals,  so  in  certain 
females  have  we  persistence  of  ducts  which  belong  physiologically 
to  the  male. 

Occasional  occurrence  of  Vasa  deferentia  in  the  Human  Female. 

In  the  human  female  the  Wolffian  ducts  normally  disappear, 
with  the  exception  of  a  small  portion  which  persists  along  with 
the  organ  of  Rosenmliller,  and  there  is  therefore  in  the  human 
subject  almost  no  representative  of  the  canals  of  Gaertner  of  the 
lower  animals.  But  just  as  we  found  that,  in  the  perfect  human 
male,  we  have  occasional  persistence  of  the  Mullerian  ducts, 
forming  a  well-marked  uterus,  so  in  exceptional  cases  we  find 

'  "On  the  Wolffian  Bodies  of  the  Foetus  and  tht>ir  Remains  in  the  Adult.*' 
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in  the  human  female  persistence  of  the  Wolffian  dncte  to  fonn 
vaaa  deferentia  Such  cases,  however,  are  extremely  rare ; 
indeed,  according  to  Klebs,^  only  two  have  been  put  on  record. 
In  one  of  these  reported  by  Bealdus  Columbus,*  the  female 
oigans  were  well  developed,  but  in  addition  to  the  two  Fallopian 
tubes,  two  canals  representing  the  vasa  deferentia  passed  from 
the  ovary  down  to  the  large  clitoris.  In  the  other,  more  recently 
reported  by  Fiirst,'  a  double-homed  uterus  was  present,  and  a 
single  vas  deferens,  which  lay  in  the  external  wall  of  the  right 
comu  uteri,  passed  down  as  far  as  the  lower  end  of  the  in- 
complete septum  vaginad,  and  then  turned  upwards  to  open  close 
to  the  OS  uteri.  These  cases  occurring  in  the  human  female, 
present^  with  regard  to  their  comparative  rarity,  an  interesting 
correspondence  with  what  we  have  seen  in  the  lower  animals,  in 
which,  although  the  uterus  is  all  but  constantly  represented  in 
the  male,  the  canals  of  Graertner  are  by  no  means  so  frequently 
met  with  in  the  other  sex. 


External  Organs  of  Generation. 
DevetopmerUal  Sketch  of  External  Orgam  in  Man. 

Wo  have  already  traced  the  development  of  the  genital  canals 
as  far  as  the  junction  of  these  with  the  urinary  tract,  and  in 
order  to  make  plain  the  observations  which  follow,  it  is  necessary 
now  to  follow  out  the  developmental  changes  which  lead  up  to 
the  formation  of  the  external  organs  of  generation,  understanding 
by  these  all  the  parts  of  the  urino-genital  apparatus  which  are 
situated  below  or  external  to  the  point  indicated. 

At  an  early  period  in  the  history  of  the  human  embryo,  the 
sac  of  the  aUantois,  which  as.  we  have  seen  receives  the  genital 
ducts,  communicates  with  the  lower  end  of  the  alimentary  canal, 
and  both  communicate  with  the  exterior  by  means  of  a  single 
channel, — ^the  cloaca.  This  arrangement  is  persistent  throughout 
life  in  the  members  of  the  class  Aves.  At  a  later  date  the  cloaca, 
through  the  growth  of  a  transverse  partition,  becomes  separated 
into  two  parts, — an  anterior,  the  so-called  genital  fissure,  wliich 

^  Handbach,  Btr  pathologischen  Anatomic,  Seite  744. 
*  Dere  AncUoinieaf  1559. 

'  BUdungshemanti'nffen  des  UterO'Vagiiutl-Kanals,  1868,  Seite  71. 
VOL.  X.  K 
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forms  the  outlet  of  the  genito-urinary  apparatus,  and  a  posterior, 
forming  the  outlet  of  the  alimentary  canal.  About  the  same  time 
a  projection  buds  forth  from  the  anterior  extremity  of  the  genital 
fissure,  and  forms  the  rudimentary  penis  or  clitoris  according  to 
sex,  the  margins  of  the  fissure  simultaneously  closing  in  toward 
the  middle  line.  From  this  time  forward  the  external  oi^ns  of 
the  two  sexes  previously  alike  begin  to  differentiate.  In  the 
female  the  margins  of  the  genital  fissure  (sexual  folds)  never 
coalesce,  but  form  the  labia  majora,  whilst  those  of  the  male 
unite  in  the  middle  line  to  form  the  scrotum.  In  a  similar 
manner  the  genital  member  of  the  female  remains  in  an  un- 
developed condition  as  the  clitoris,  its  lower  or  grooved  surface 
remaining  permanently  open,  by  reason  of  the  non-coalesence  of 
the  margins,  which  remain  distinct  as  the  labia  minora  and 
vaginal  bulbs;  in  the  male,  on  the  other  hand,  the  genital 
member  enlarges  to  form  the  penis,  the  margins  of  its  inferior 
grooved  surface  uniting  in  the  middle  line  to  form  the  single 
corpus  spongiosum  urethrse.  In  connection  with  the  anterior 
and  now  distinct  compartment  of  the  cloaca  or  uro-genital  sinus, 
and  close  to  the  junction  of  the  latter  with  the  base  of  the 
genital  member,  two  glands  are  developed  in  each  sex.  These 
are  the  glands  of  Bartholini  in  the  female,  and  those  of  Cowper 
in  the  male.  Opening  as  these  glands  do  close  to  the  base  of 
the  genital  member,  they  form  landmarks  of  first-rate  importance 
in  the  determination  of  homologous  parts  of  the  uro-genital 
sinus  which  differs  widely  in  appearance  in  the  two  sexes. 

From  this  outline  it  will  be  observed,  that  that  portion  of  the 
male  uro-genital  canal  which  intervenes  between  the  point  of 
entrance  of  the  Wolffian  ducts  and  the  Cowperian  glands  must 
be  homologous  with  the  portion  which  in  the  female  intervenes 
between  the  entrance  of  the  Miillerian  ducts  and  the  glands  of 
Bartholini.  In  other  words,  the  short  and  wide  vestibule  of  the 
human  female  must  be  homologous  with  the  elongated  and 
narrow  lower  half  of  the  prostatic,  plvs  the  membranous  urethra 
of  the  male.  Similarly  the  genital  members  of  the  two  sexes  are 
strictly  homologous,  differing  only  in  size,  and  inasmuch  as  the 
margins  of  the  lower  or  grooved  surface  remain  apart  in  the 
female  to  form  the  vaginal  bulbs  (fig.  16),  whilst  in  the  male  they 
cealesce  in  the  middle  line,  and  complete  the  spongy  portion  of 
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the  urethra.  The  spongy  portion  of  the  urethra  of  the  human 
male  has  therefore  no  repi'esentative  in  the  human  female. 
Finally,  the  labia  majora  are  evidently  homologous  with  the  two 
halves  of  the  scrotum. 

The  following  table  will  make  these  homologies  plain : — 

Sintu  uro^eniialis. 
Female.  Male. 

Female  m'bthnu                      I  Upperpartof  urinaiy    Upper  portion  of  prosUiic 
^ J      pedicle, nretara. 

^«*^^«' Lower  part, |  ^mLfi^ous  u'^thiS^^ 

Glaiida  of  BarthoUni, Blaatema, Glands  of  Gowper. 

Crura  and  corpus  clitoridis.     Corpora  cavernosa,...    Crura  and  corpus  nenis. 
Glans    cHtoridis    and    va- )  n^,,^^ ««»««;«..«       S  Clans    penis    ana     corpus 

ffipal  bulbs, {  ^^"  apongiosa,...  j     ^^^^^^  meihsm. 

Labia  majora, , Genital  ridges, Scrotum  and  rapbd. 

Now,  just  as  we  have  seen  that  the  conclusions  arrived  at  by 
embryologists,  with  regard  to  the  homologies  of  the  internal 
genital  organs  of  the  two  sexes,  are  borne  out  by  the  study  of 
comparative  anatomy  and  of  pathology,  so  we  shall  see  that  the 
same  observation  may  be  made  respecting  the  external  organs  of 
generation 

Comparative  Anatomy  of  the  External  Male  Organs, 

Embryological  investigation  has  shown  us  that  the  non- 
coalescent  vaginal  bulbs  of  the  human  female  are  represented 
by  the  corpus  spoi^osum  of  the  human  male.  As  farther 
illustrating  the  correctness  of  this  view,  I  may  adduce  the  cases 
of  some  few  male  mammals,  in  which  the  corpus  spongiosum 
urethras  exhibits  a  tendency  to  retain  its  original  condition;  in 
other  words,  to  remain  as  two  distinct  and  separate  halves  for  a 
greater  or  less  part  of  its  extent,  in  the  same  way  as  the  homo- 
logous vaginal  bulbs  of  the  other  sex  persist  as  distinct  structures. 
Examples  of  this  arrangement  are  not  uncommon  among  the 
marsupials.  In  some  of  these  the  corpus  spongiosum  splits 
posteriorly  into  two  parts,  thus  giving  rise  to  a  double  urethral 
bulb,  whilst  anteriorly  it  also  separates  into  two  portions,  pro- 
ducing biiidity  of  the  glans  penis.  No  more  powerful  argument 
could  be  adduced  in  support  of  the  accuracy  of  Kobelt's^  views 
regarding  the  homology  of  the  corpus  spongiosum  with  the 
vaginal  bulbs.    The  arrangement  just  described  is  met  with  in 

'  Wollusl-organe. 
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^he  multiparous  marsupials,  such  as  the  koala  (fig.  17), 
opossums,  and  phalangers;  whilst  in  the  uniparous  genera,  such 
as  the  kangaroo,  the  corpus  spongiosum  exhibits  a  closer 
approach  to  the  ordinary  arrangement,  the  glans  penis  being 
single,  whilst  the  bulb  of  the  urethra  remaius  double,  as  in  the 
members  of  the  multiparous  section  of  these  animals. 

Homologies  of  the  External  Oenital  Organs  shown  by  Abnormal 

Arrangements  in  the  Human  Male. 

In  the  human  subject  the  similarity  in  structural  plan  upon 
which  the  genital  member  of  the  two  sexes  is  built  up,  is  beauti- 
fully shown  by  certain  cases  of  hypospadias,  in  which  the  two 
halves  of  the  corpus  spongiosum  never  unite  in  the  middle  line, 
thus  giving  rise  to  an  appearance  of  the  male  sexual  organs  so 
closely  simulating  that  of  the  female  parts,  that  many  cases  of 
hermaphroditism  have  been  described,  which  must  now  be  re- 
moved from  that  category,  seeing  that  they  are  simply  examples  of 
malformation  of  the  male  genital  member,  and  present  no  trace  of 
the  co-existence  of  the  latter  with  true  female  organs.  Still 
more  remarkable  proof,  however,  of  this  fundamental  community 
of  structural  plan  in  the  two  sexes,  is  derived  from  the  considera- 
tion of  those/ases  of  so-called  transverse  hermaphroditism  occur- 
ring in  the  human  being,  in  which  the  external  organs  are  arranged 
exactly  as  in  the  normal  female,  whilst  the  internal  organs  are 
as  distinctly  those  of  the  other  sex.  Cases  of  this  kind  are  far 
from  common,  but  several  have  been  put  on  record.  The  case  of 
Maria  Arsano  (fig.  18)  is  one  of  the  most  perfect.  In  him  (her  ?) 
the  external  organs  were  those  of  the  perfect  female,  the  labia, 
clitoris,  OS  vaginae,  and  vulva  all  being  normal.  The  vagina 
was  only  two  inches  in  length,  and  ended  in  a  blind  extremity 
or  cul-de-sac.  There  was  no  trace  of  uterus,  broad  ligaments,  or 
Fallopian  tubes.  "  The  internal  oi-gans  of  reproduction  were,  on 
the  other  hand,  completely  mala  The  two  testicles  were  situated 
in  the  region  of  the  pubis,  and  were  scarcely  clear  of  the 
inguinal  rings.  They  were  of  the  usual  ovoid  figure,  and  natural 
in  size.  They  had  internally  the  structure  of  the  tubuli 
seminiferi.  but  it  was  not  well  developed.  The  epididymes  of 
the  testes  were  also  of  the  usual  vermiform  figure,  and  the  corre- 
sponding   vasa    deferentia    coursed    towards    their    vesical® 
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seminales,  and  terminated  in  an  attenuated  membranous  expan- 
sion without  any  external  aperture  or  ducti  ejaculatoriL  The 
vesiculse  seminales  were  placed  between  the  urinary  bladder  and 
rectum;  they  were  smaller  and  more  shrunk  than  in  the  adult 
male,  though  certainly  they  preserved  their  naturally  oblong 
form.  The  internal  hollow  or  tubular  structure  was  indistinct. 
The  prostate  gland  was  not  present."^  Cases  such  as  that  just 
described,  which  the  possession  of  the  essential  organs  of  genera- 
tion prove  to  be  males,  demonstrate  conclusively  that,  morphologi- 
cally speaking,  the  two  halves  of  the  corpus  spohgiosum  urethrse 
and  the  vaginal  bulbs  are  convertible  terms.  They  show,  more- 
over, that  the  nanow,  elongated  uro-genital  canal  of  the  male 
may  be  occasionally  transformed  into  the  characteristic  vestibule 
of  the  female. 

Cantparaiive  Anatomy  of  the  Esdemal  Female  Organs. 

We  have  seen  that,  founding  upon  embiyological  observations, 
the  vestibule  of  the  human  female  must  be  regarded  as  homologous 
with  the  membranous  and  in  part  with  the  prostatic  portions  of 
the  male  urethra ;  and  that  in  some  few  instances  the  male  uro- 
genital canal  becomes  so  modified  in  form  as  to  be  indistinguish- 
able from  that  of  the  other  sex.  Beversing  the  process,  I  shall 
now  adduce  some  instances  in  which  comparative  anatomy  shows 
that  the  for  the  most  part  short  and  wide  uro-genital  canal  of 
the  female  becomes-  modified  so  as  to  present  an  approach  to 
what  may  be  called  the  normally  elongated  form  of  the  latter  in 
the  male  mammal.  In  this  comparison,  the  points  of  entrance 
of  the  Wolffian  and  Cowperian  ducts  into  the  uro-genital  sinus 
of  the  one,  and  of  the  MuUerian  and  Bartholinian  ducts  into  that 
of  the  other  sex,  serve  to  guide  us  as  to  the  corresponding  segment 
of  the  canal  in  each.  In  the  human  female  the  uro-genital  canal 
(vestibule)  does  not  measure  more  than  one  inch  in  depth,  whilst 
the  length  of  the  vagina  is  about  six  inches.  In  the  females  of 
several  mammals,  however,  the  uro-genital  canal  is  proportionally 
much  longer  than  in  the  human  female,  and  presents  an  approach 
to  the  tubular  form  of  tlie  corresponding  structure  of  the  other 
sex.     In  the  cow  and  giraffe  it  is  elongated  to  one-fourth  the 

^  Simpson,  Cye,  of  Anal,  art  *'Heriiiai>hrodisin/* 
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the  length  of  the  vagina,  in  the  lemuis  to  one-third  the  length  of 
that  tube,  whilst  in  the  platyirhine  group  of  monkeys  the  length 
of  the  UTo-genital  canal  equals  that  of  the  vagina.^  In  the  higher 
or  catarrhine  monkeys,  on  the  contrary,  the  canal  is  always  shorter 
than  the  vagina,  indicating  in  this  respect  an  approach  to  the 
relative  proportions  of  these  parts  in  the  human  female. 

Passing  now  to  the  modifications  undergone  by  that  portion 
of  the  female  uro-genital  canal  which  lies  beyond  the  points  of 
entrance  of  the  ducts  of  Bartholini,  we  find  that  whereas  in  the 
human  female  that  cana]  is  not  at  all  prolonged  forward  in 
relation  to  the  clitoris,  in  several  of  the  lower  mammals,  on  the 
other  hand,  a  certain  relation  does  obtain  between  the  clitoris  and 
the  uro-genital  canal,  in  whole  or  in  part.  Such  cases  exhibit  a  ten- 
dency on  the  part  of  the  female  organs  to  approximate  to  the  usual 
arrangement  of  those  of  the  mala    The  rektion  in  question  is 
closer  in  some  mammals  than  in  others.    In  some,  for  instance  the 
Tupaia^  among  the  insectivores,  and  the  Cap}^bara^  among  the 
rodents,  the  clitoris  is  of  considerable  size,  and  is  grooved  along 
its  under  surface  to  accommodate  the  upper  wall  of  the  urethra, 
which  manifests,  so  to  speak,  a  tendency  to  open  at  the  point  of 
the  clitoris  much  as  it  does  in  the  penis  of  the  other  sex.     In 
others  again,  among  which  I  may  mention  Arvicola,  Lagostomus, 
and  Bathyergus^  among  rodents,  in  the  common  mole  among 
the  insectivores,  and  in  certain  lemurs  (Stenops),^  fig.  19,  the 
groove  on  the  under  surface  of  the  elongated  clitoris  is  converted 
by  the  coalescence  of  its  margins  (much  as  takes  place  in  the 
male  embryo),  into  a  canal,  and  the  urethra  is  thereby  prolonged 
forward  to  the  extremity  of  the  clitoris.     In  these  instances, 
however,  only  a  portion  of  the  uro-genital  canal,  namely  the 
urethra  (for,  morphologically  speaking,  so  much  of  the  female 
urethra  as  lies  in  relation  with  the  clitoris  must  be  r^arded  as 
forming  a  portion  of  the  uro-genital  canal),  is  contained  within 
the  clitoris.    In  one  at  least  of  the  lower  animals,  however,  the 
female  spotted  hyasna  (Hycena  crociUa),  fig.  21,  the  entire  uro- 
genital canal  beyond  the  entrance  to  the  ducts  of  Bartholini  is 
prolonged  forward  to  the  extremity  of  the  clitoris,  and  terminates 
in  a  manner  precisely  similar  to  that  of  the  uro-genital  canal 

*  Owen,  Anal,  of  VcrUbrales. 

•  Cye,  o/Anat.  art.  "i^uadrumana." 
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(uiethra)  of  the  male:  The  close  resemblance  which  this  arrange- 
m^t  of  the  female  uro-genital  canal  bears  to  the  spongy 
pc^iion  of  the  male  urethra,  will  be  evident  from  a  reference  to 
the  accompanying  drawings  of  the  corresponding  parts  in  the 
two  sexes  (figs.  20  and  21). 


Parallel  Arrangements  m  the  Human  Fenude, 

As  parallels  to  these  remarkable  arrangements  in  the  females 
of  some  of  the  lower  mammals,  I  may  adduce  certain  excep- 
tional cases  in  which,  in  the  human  female,  the  uro-genital 
canal  presents  modifications  in  form  which  indicates  an  approach 
to  that  which  is  usually  characteristic  of  the  male.  In  certain 
cases  in  which  in  the  human  female  the  clitoris  is  abnormally 
elongated,  notably  in  one  contained  in  the  Museum  of  the 
liyerpool  School  of  Medicine,^  that  organ  presents  a  well-marked 
groove  on  its  under  surface,  extending  forward  from  the  orifice  of 
the  urethra,  and  forming,  as  it  were,  the  roof  of  an  incomplete 
uro-genital  canal  exactly  as  in  the  Capybara.  In  another  case, 
reported  by  Amaud,^  in  which  the  clitoris  measured  2  inches  9 
lines  in  length,  the  urethra  perforated  that  organ  for  a  short 
distance  posteriorly,  thus  indicating  a  tendency  to  that  more 
complete  separation  of  the  urethra  from  the  uro-genital  canal 
by  inclusion  of  the  former  within  the  clitoris,  which  we  have 
seen  to  be  the  normal  arrangement  in  certain  species  of  lemurs. 
A  still  more  complete,  although  not  perfect  parallel  to  the  com- 
plete tunnelling  of  the  clitoris  by  the  urethra  in  the  lemurs  in 
the  human  subject  is  recognisable  in  the  well-known  case  of 
Marie  Lefort.'  In  her  the  clitoris  was  27  centimetres  in  length. 
"  The  glans  was  imperforate,  and  invested  by  a  mobile  prepuce. 
The  body  of  the  clitoris  was  furnished  interiorly  with  an 
imperfect  canal,  which  was  pierced  along  its  under  surface  and 
middle  line  by  five  small  holes  capable  of  admitting  a  small 
stylet,  and  one  or  more  similar  apertures  seemed  to  exist  in  it 
after  it  reached  backwards  within  the  vagina."  *    Through  this 


^  For  an  account  of  this  case  see  Liverpool  and  Manchester  Surg,  Bt^porls. 
'  Dissertation  sur  les  Hermaphrodites^  p.  265,  plate  z. 
*  Beclard,  BtUletins  de  la  FaciilU,  1815,  p.  273. 
^  Simpson,  Oyc<.  of  ^nat, ,,  art .  '  *  UejmaphroditiaiB. ' 
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canal  the  urine  was  in  part  passed.  The  more  complete 
perforation  of  the  clitoris  in  this  case  by  the  urethra  exhibits  a 
closer  resemblance  to  the  nonnal  lemurine  arrangement  above 
described  than  any  of  the  others  before  mentioned.  A  parallel 
even  to  the  unique  arrangement  above  described  in  Hyc&na 
croctUa  is  also  met  with  in  the  human  female,  but  to  this  I 
shall  refer  in  the  paragraph  devoted  to  the  consideration  of  the 
genital  oigans  of  that  animal 

Comparative  Anatomy  of  the  Clitoris. 

The  clitoris  in  the  majority  of  the  lower  animals  is  relatively 
much  larger  than  in  the  human  female.  In  some,  indeed,  among 
which  I  may  mention  certain  quadrumana,  and  more  especially 
the  lemurs  of  the  genus  Stenops  and  the  spider  monkeys  ( Ateles) 
it  attains  altogether  disproportionate  dimensions.  In  the  former, 
as  we  have  seen,  the  urethra  tunnels  the  clitoris ;  whilst  in  the  latter 
the  clitoris  actually  equals  in  size  the  penis  of  the  male,  and  is 
deeply  grooved  along  its  under  surface,  the  margins  of  the  groove 
being  so  closely  in  contact  as  almost  to  form  a  canal.  The  vagina 
and  urethra  open  at  its  base.  The  component  parts  of  the  clitoris 
in  these  as  in  other  mammals  are  the  two  corpora  cavernosa,  which 
in  the  species  referred  to  accurately  correspond,  both  in  size  and 
form,  to  the  homologous  structures  in  the  opposite  sex,  and  thus 
afford  an  additional  argument  in  favour  of  the  fundamental  corre- 
spondence between  the  penis  and  clitoris.  An  additional  aigument 
in  favour  of  the  correspondence  is  furnished  by  those  animals, 
such  as  the  common  seal  {Phoca  vUvlind)^  in  which  a  distinct 
ossification  is  developed  in  the  corresponding  portion  of  the 
genital  member  of  each  sex. 

Parallel  Arrangem^evUs  %n  the  HUm/in  Female. 

Cases  in  which  the  clitoris  of  the  human  female  equals  in  size 
that  of  the  male  oigan  are  so  numerous  that  I  need  not  par- 
ticularise them.  Indeed,  an  elongated  and  pendulous  clitoris 
appears  to  be  far  from  an  abnormal  arrangement  among  the 
women  belonging  to  certsun  African  tribes.  £ven  in  the 
European  female  cases  are  on  record  in  which  the  clitoris  has 
attained  the  extraordinary  length  of  7  inches. 
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Female  Organs  of  Hyaena  crocuta. 

SlrikiDg  as  are  these  diflfereDt  modificationfl,  alike  in  man  and 
in  the  lower  nianimals,  in  the  fonn  of  the  genital  passages  of 
the  two  sexes,  as  indicating  the  fundamental  similarity  in  plan 
npon  which  these  organs  are  bnilt  up,  there  is  yet  one  animal, 
the  spotted  hyena  {H.  erocuia),  in  which  the  resemblance 
between  the  male  and  female  organs  is  even  greater  than  in 
any  of  the  cases  above  referred  to.  So  closely,  indeed,  do  the 
external  female  oigans  of  this  animal  resemble  those  of  the  male 
that  the  difficulty  of  distinguishing  between  the  sexes  has  given 
rise  to  the  ascription  of  hermaphroditism  to  the  species  from  the 
days  of  Aristotle^  to  the  present  time.  The  organs  of  both 
sexes  I  have  described  elsewhere  ^  at  length,  and  shall  now  only 
refer  to  their  most  salient  points.  In  the  male,  fig.  20,  the 
internal  organs,  consisting  of  the  testicles  and  vasa  difTerentia,  are 
arranged  much  as  usual,  the  latter  opening  into  the  urethra 
close  to  the  vesicula  prostatica.  From  this  point  the  uro-genital 
canal  (.urethra)  is  prolonged  forward  to  the  extremity  of  the 
penis  in  the  usual  manner.  It  is  divisible  into  two  portions,  an 
intra-pelvic  or  membranous  and  an  extra-pelvic  or  spongy 
portion,  the  point  of  jimction  of  these  parts  being  indicated  by 
the  entrance  of  the  ducts  of  two  large  Cowperian  glands.  The 
penis,  as  in  other  mammals,  is  composed  of  two  corpora  cavernosa 
and  a  single  corpus  spongiosum.  The  scrotum  resembles  that  of 
the  true  cats,  being  non-pendulous,  and  situated  immediately 
below  the  anal  aperture. 

Passing  now  to  the  examination  of  the  female  organs  of  Hyasna 
croetUa,  fig.  21,  we  find  that  they  present  a  similarity  to  those 
of  the  male,  which,  viewed  as  a  normal  arrangement,  appears  to  be 
altogether  unique  among  mammals.  The  internal  genital  canals 
as  above  defined  consist  of  the  Fallopian  tubes  and  uterus. 
The  former  present  no  deviation  from  what  may  be  termed  the 
normal  mammalian  arrangement.  The  latter,  on  the  contrary, 
differs  essentially  from  this,  inasmuch  as  the  os  uteri,  instead 
of  opening  into  a  separate  vagina,  communicates  directly  with 
the  uro-genital  canaL    The  vagina  is  therefore  entirely  wanting 

^  ffistcria  AniTnaMuniy  vi.  82. 
•  Froc.  Zool  Soe.,  1877  aud  1878. 
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in  this  animal,  the  MuUerian  ducts  by  their  junction  forming 
uterus  and  uterus  alone.  The  external  female  genital  organs 
likewise  di£fer  materially  from  the  mammalian  t3rpe,  inasmuch 
as  they  present  an  almost  exact  counterpart  to  those  of  the  male. 
As  in  the  latter,  the  uro-genital  canal  of  the  female  is  elongated 
and  tubular  in  form,  and  is  divisible  into  two  portions,  an  intra- 
pelvic  and  an  extra-pelvic.  Into  the  commencement  of  the 
intra-pelvic  segment  of  the  uro-genital  canal  of  the  male  there 
opens  a  minute  vesicula  prostatica  which,  inasmuch  as  the 
vagina  is  totally  absent  in  the  female,  must  be  regarded  as 
homologous  with  the  uterus,  and  with  the  uterus  alone,  of  the 
latter ;  in  a  similar  manner  the  uterus  of  the  female  opens  into 
the  uro-genital  canal  of  that  sex.  As  in  the  male  the  junction 
of  the  intra-  and  extra -pelvic  portions  of  the  urethra  is  indicated 
by  the  entrance  of  the  ducts  of  two  Gowperian  glands,  so  in  the 
female  is  it  indicated  by  the  entrance  of  the  ducts  of  Bartholinian 
glands  of  the  same  size  and  form  as  the  homologous  structures  in 
the  male.  As  in  the  maie  the  urethra  passes  forward  to  terminate 
at  the  extremity  of  the  penis,  so  in  the  female  the  uro-genital 
canal,  in  the  absence  of  a  vulva,  passes  forward  to  open  at  the 
extremity  of  the  clitoris.  As  in  the  mo/e  there  is  an  elongated 
pendulous  penis  provided  with  a  movable  prepuce,  so  in  the 
female  there  is  a  clitoris  of  the  same  size  and  form,  provided  in 
a  similar  manner  with  a  well-developed  and  movable  prepuce. 
As  in  the  mcUe  there  is  a  well-marked  scrotum,  so  a  similar 
structure  occupying  a  similar  position  is  found  in  the  femcde. 
The  erectile  organ  is  of  the  same  size,  and  constructed  upon  the 
same  plan  in  both  sexes,  the  only  difference  being  that  in  the 
female  the  uro-genital  canal  is  not  surrounded  by  the  erectile 
tissue  of  the  corpus  spongiosum  as  is  the  case  in  the  male,  this 
difference  being  due  to  the  fact  that  in  the  latter  the  essentially 
bi-lateral  spongy  bodies  have  coalesced  in  the  middle  line, 
whilst  in  the  female  they  remain  distinct  throughout  life,  and 
do  not  surround  the  sexual  canal.  In  the  female^  moreover,  and 
associated  with  this  arrangement,  there  is  a  complete  absence  of 
the  elevator  urethrse  and  bulbo  cavemosi  muscles,  both  of  which 
are  well  developed  in  the  male. 

Extraordinary  and  aberrant  from  what  must  be  regarded  as  the 
typical  arrangement  of  the  female  mammalian  organs  as  that  of 
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Hycena  crocvia  undoubtedly  is,  I  am  nevertheless  able  to  adduce 
certain  cases  which,  occurring  as  abnormalities  in  the  human 
female,  almost  exactly  reproduce  it  Such  cases,  as  may  be 
readily  imagined,  are  extremely  rare,  and  so  far  as  I  can  ascertain 
only  three  such  have  been  put  on  record.  One  of  these,^ 
occurring  in  a  child  at  birth,  was  combined  with  other  malfor- 
mations of  such  a  nature  as  to  lead  to  some  dubiety  as  to  the 
significance  of  the  parts  afiTected ;  whilst  in  another,'  occurring  in 
the  body  of  an  adult  aged  45,  in  addition  to  the  essentially 
female  internal  oigans,  there  were  superadded  the  lower  ends  of 
the  male  vasa  dififerentia,  together  with  rudimentary  seminal 
yesicles.  I  shall,  therefore,  confine  my  observations  to  the 
third  case,  in  which,  as  along  with  purely  female  internal  organs 
there  co-existed  external  organs  as  characteristically  those  of  the 
male,  we  find  the  most  perfect  parallel  to  the  arrangement  above 
described  in  the  female  Hyccna  erociUa. 

The  case,  fig.  22,  occurred  in  the  body  of  an  individual  named 
Yalmont,'  who  died  in  Paris  at  the  age  of  36.  He  had  beeu 
married  as  a  male.  The  internal  organs  consisted  of  two  Fal- 
lopian tubes  arranged  as  usual,  of  a  uterus  resembling  much  that 
of  the  ordinary  female,  and  of  a  vagina  which  opened  into  the 
membranous  (?)  part  of  the  urethra.  The  external  organs  con- 
sisted of  an  elongated  uro-genital  canal,  which  extended  from 
the  junction  of  the  vagina  with  the  urethra  to  the  extremity  of 
the  penis,  exactly  as  in  the  normal  male,  its  intra-pelvic  portion 
being  provided  with  prostate  and  Cowperian  glands.  The  extra- 
pelvic  or  spongy  portion  exactly  resembled  the  male  urethra, 
inasmuch  as  it  passed  through  a  normally  formed  penis  com- 
posed of  corpora  cavernosa  and  corpus  spongiosum,  and  provided 
with  all  the  muscles  usually  found  in  the  male  perineum.  The 
X>enis  was  of  medium  size,  and  furnished  with  a  movable 
pr^uce.  There  was  no  trace  of  a  vulva.  A  well-developed 
scrotum  was  likewise  present.  A  comparison  of  fig.  21  with 
fig.  22  will  show  at  once  how  closely  the  parts  of  this  human 
female  reproduce  those  of  the  female  hysena.  The  points  of 
difference  between  them  are  few  and  unimportant.    They  consist 

»  Eschiicht,  MuUer*8  ArchivfUr  AiuUomie,  1836. 

•  n  Morgagni,  1865,  p.  151. 

'  See  Journal  universel  el  hehdomadaire  de  MtdidnCy  1833,  p.  467. 


76  PROFESSOR  M.  WATSON. 

in — first,  the  presence  of  a  prostate  gland  in  the  woman  which  is 
absent  in  the  hyaena ;  secondly,  in  the  presence  in  the  former  of 
a  distinct  os  uteri  and  consequent  differentiation  of  the  two 
portions  of  the  Mullerian  ducts  which  form  respectively  uterus 
and  vagina;  and,  lastly,  in  the  complete  coalescence  of  the 
halves  of  the  corpus  spongiosum  and  concomitant  development 
of  the  bulbo-cavemosi  muscle  in  the  body  of  Valmont,  whereas 
in  the  female  hyaena  the  halves  of  the  corpus  spongiosum 
remain  separate,  and  the  bulbo  -  cavernosi  muscles  are  not. 
developed. 

We  have  now  traced  the  development  of  the  generative  system 
in  man  from  the  time  when  its  component  parts  were  exactly 
alike  in  the  two  sexes,  and  when,  consequently,  the  latter  could 
not  be  distinguished  from  one  another  to  that  in  which  these 
organs  assume  the  characters  which  are  usually  regarded  as  dis- 
tinctive of  each.  We  have,  moreover,  seen  that,  in  some  instances, 
these  distinctive  sexual  features  are  never  developed,  so  far  as 
the  genital  passages  are  concerned,  and  this  to  such  an  extent 
that,  in  certain  individuals  (e.^.,  Marie  Arsanno,  fi^.  18),  we  find 
associated  with  internal  genital  passages  essentially  male  in 
character  external  passages  which  are  as  characteristically  those 
of  the  female.  We  have  seen  that  the  converse  also  holds  good, 
and  that,  as  in  the  case  of  Valmont,  fig.  22,  along  with 
essentially  female  internal  organs,  there  may  co-exist  external 
organs  of  the  type  usually  regarded  as  distinctive  of  the  male. 
Further,  we  have  seen  that  these  abnormalities  in  the  human 
subject  are,  so  to  speak,  reproduced  as  normal  arrangements  in  the 
case  of  certain  of  the  lower  mammals,  in  which  we  find  that  the 
male  presents  features  which  assimilate  it  to  the  female  {e.g. 
koala,  external  organs ;  beaver,  internal  organs),  whilst,  on  the 
other  hand,  there  are  certain  females  {e,g.  cow,  internal  organs ; 
hyaena,  external  organs)  which  present  features  in  the  arrange- 
ment of  the  genital  organs  which  indicate  an  approach  to  those 
of  the  males  of  the  same  species.  Taking  these  facts  into  con- 
sideration, the  question  arises,  What  value  is  to  be  placed  upon 
the  arrangement  of  the  genital  passages  as  a  criterion  of  sex  ? 
The  answer  must  be,  that  the  genital  passages  per  se  afford  no 
such  criterion.  That  this  conclusion  is  not  devoid  of  practical 
interest  is  well  shown  by  the  views  of  two  distinguished  French 
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writers,  liM.  Bouillaud  and  Manec,^  r^arding  the  sex  of  the 
woman  Valmont  above  referred  to.  With  reference  to  this  case, 
M.  Manec  says — "  If  we  take  a  general  view  of  the  arrangements 
which  have  been  pointed  out,  we  see  that  the  malformation  in 
question  does  not  deserve  the  name  of  hermaphrodite,  seeing 
that  there  are  only  present  the  organs  of  a  single  sex,  those  of 
the  female.  The  only  difiference  existing  between  this  individual 
and  a  well-formed  female  is  to  be  found  in  the  fact  that  the 
vagina,  instead  of  terminating  on  the  exterior  by  means  of  a 
wide  and  independent  aperture  placed  between  the  anus  and  the 
meatus  urinarius,  contracts  to  a  line  in  diameter  and  opens  into 
the  urethra.  The  absence  of  a  vulva,  and  the  presence  of  a  well- 
formed  perns,  is  explained  by  the  excessive  development  of  the 
labia  minora  and  of  the  clitoris,  the  former  by  their  junction 
having  caused  the  disappearance  of  the  vagina  and  formed  the 
raph^,  wliilst  the  clitoris,  developed  beyond  measure,  has  acquired 
all  the  characters  of  the  penis  which,  in  the  normal  condition,  it 
only  imperfectly  represents.  It  is  also  in  virtue  of  excess  of 
development  that  the  urethra  has  acquired  the  characters  of  that 
of  the  male.  Thus,  so  far  there  is  not  a  single  new  organ 
present  in  this  woman ;  all  those  which  are  present  and  which 
might  8i]^gest  doubts  as  to  the  sex  are  present  in  a  rudimentary 
condition  in  the  well-formed  female.  There  is  therefore  only  an 
excess  in  size  of  the  external  genitals,  and  consequent  suppression 
of  the  vtilva,  together  with  union  of  the  urethra  and  vagina. 
The  prostate,  however,  which  does  not  exist  in  the  female,  is 
here,  where  it  is  well  formed,  and  embraces  as  in  man  the  neck 
of  the  bladder  and  the  beginmng  of  the  urethra.  If,  then,  this 
organ  were  essential  to  the  male  genitals  its  presence  would 
embarrass  us,  and  compel  us  to  recognise  in  this  case  a  commence- 
ment of  hermaphroditism.  ....  The  prostate  in  the  male  is 
only  an  accessory  organ  secreting  a  fluid  which  by  its  mixture 
with  the  sperm  facilitates  the  progress  of  the  latter  within  the 
urethra,  and  its  forcible  projection  beyond  that  canaL  The 
mixture  of  the  prostatic  fluid  is  not  a  necessity  to  the  accomplish- 
ment of  fecundation,  seeing  that,  in  several  species  of  mammals, 
this  takes  place  notwithstanding  the  absence  of  the  prostate. 
....  This  fact  proves  that  the  prostate  cannot  be  considered  as 

1  Journal  universel  et  hebdamidaire  de  MecUcine,  1833,  pp«  472  and  489. 
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an  essential  sexual  characteristic,  and  consequently  its  presence 
in  a  female  cannot  contribute  anything  toward  giving  her  the 
slightest  resemblance  to  the  opposite  sex This  case  con- 
firms de  BlainviUe's  ideas  of  the  analogy  existing  between  the 
organs  of  the  two  sexes,  and  realises  the  supposition  made  about 
fifteen  years  ago  by  that  learned  naturalist,  that  the  only 
essential  difference  between  the  two  sexes,  consisting  in  the  in- 
dependence of  the  genital  canal  of  the  female,  it  would  suffice  to 
make  of  the  latter  an  apparent  male  to  unite  the  urethra  with 
the  vagina." 

To  this  M.  Bouillaud  replies — "  M.  Manec  seems  disposed  to 
place  Yalmont  among  the  women.  He,  therefore,  does  not  fear 
to  place  himself  in  opposition  to  the  civil  law,  to  the  church,  and 
even  to  Yalmont  hiniself ,  who  had  the  courage  and  feeling  of 
manhood  to  marry  a  woman.  I  confess  at  the  same  time  that 
there  is  no  law  obliging  us  to  believe  in  the  infallibility  of  the 
civil  law,  or  even  of  the  church,  so  far  as  monstrosities  are  con- 
cerned, and,  if  with  regard  to  them,  the  facts  being  put  aside,  I 
had  to  choose  between  the  opinions  of  a  mayor,  a  priest,  and  of 
M.  Manec,  I  would  not  long  hesitate.  But  it  appears  to  me  very 
difficult,  conforming  to  the  dictates  of  a  sound  anatomy,  to  find  in 
Yalmont  aU  the  elements  of  a  woman  and  the  trae  and  pure 
elements  of  a  woman  alone.  What  a  woman  !  Bon  Dieu  !  An 
individual  who  has  not  a  vulva,  who  has  only  the  rudiment  of  a 
vagina  following  upon  the  vesical  extremity  of  the  urethra,  who 
possess  a  penis,  a  scrotum,  a  prostate,  and  Cowperian  glands  all 
well-formed  1  What  man  would  desire  to  keep  company  with 
a  woman  so  conditioned  ?  But,  says  he  (Manec),  if  she  was  not 
a  woman,  Yalmont  was  a  man,  for  it  is  necessary  to  place  him 
somewhere  and  to  assign  to  him  some  function  ?  Without  doubt, 
it  is  necesssoy  to  place  him  somewhere  and  to  assign  to  him 
some  function.  Nevertheless,  it  is  neither  that  of  a  woman  nor 
of  a  man  in  all  its  purity.  He  is  a  compouDd  of  a  man  and  a 
woman,  a  kind  of  third  sex,  a  mongrel  or  a  seamed  mtde.'* 

This  discussion  shows  more  forcibly  than  any  remarks  of  my 
own  the  utter  futility  of  attempting  to  find  in  the  arrangement 
of  the  genital  passages  any  feature  absolutely  distinctive  of  sex. 
Neither  is  there  any  certain  arrangement  of  the  accessory  re- 
productive glands  which  can  be  regarded  as  peculiar  to  either. 
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We  have  seen  that  the  glaDds  of  Cowper  in  the  male  hyeena 
exactly  repeat  those  of  Bartholini  in  the  female  in  size,  f onn,  and 
mode  of  entrance  into  the  uro-genital  canal,  and  that  therefoie 
neither  of  these  glands  present  any  peculiarities  distinctive  of 
sex.  At  first  sight,  indeed,  it  appears  that  the  presence  of  the 
prostate  gland  is  sufficiently  distinctive  of  the  male  mammal, 
but  farther  consideration  shows  that  such  is  not  the  case.  The 
entire  absence  of  the  prostate  gland  io  the  males  of  many  species 
of  mammals  (elk,  red  deer,  &c.)  shows  that  it  is  by  no  means  an 
essential  constituent  of  the  male  genital  organs;  whilst,  on  the 
other  hand,  although  I  am  not  aware  of  the  exiBtence  of  any 
female  mammal  in  which  a  prostate  gland  is  constantly  present, 
yet  the  mere  fact  of  its  occasional  occurrence  in  undoubted 
females  of  our  own  species  at  once  destroys  its  value  as  affording 
an  index  to  the  sex  of  the  individual  in  which  it  occurs.  The 
gland  IB  not  uniformly  present  in  the  male  mammal,  neither  is  it 
always  absent  in  the  female,  and  consequently  cannot,  in  any 
way,  be  regarded  as  distiuctive  of  either  sex. 

We  are,  therefore,  compelled  to  look  elsewhere  for  a  dis- 
tinctive sexual  characteristic.  This  is  to  be  found  in  the 
histological  structure  of  the  genital  gland,  and  in  this  alone. 
The  presence  of  a  genital  gland  presenting  the  structure  of  the 
testicle  is  the  single  distinctive  characteristic  of  the  male,  just  as 
the  possession  of  an  organ  displaying  the  histological  characters 
of  the  ovary  ib  the  only  certain  guide  to  the  determination  of  the 
female  sex.  The  late  Sir  J.  Y.  Simpson,  in  his  remarkable 
article  on  Hermaphroditism,  in  Todd's  Gydopoedia  of  Anatomy, 
divides  hermaphrodites  into  two  classes,  spurious  and  tTue, 
With  the  former  we  are  not  now  concerned.  The  latter  group  he 
subdivides  into  three  subordinate  sections — (1)  Lateral  herma- 
phrodites, in  which  there  is  a  testicle  on  the  one  side  of  the  body 
and  an  ovary  on  the  other;  (2.)  Tran^sverse  hermaphrodites,  in 
which  the  external  organs  are  those  of  the  male  and  the  internal 
those  of  the  female,  or  the  reverse;  (3.)  Vertical  or  cUmblehermsL- 
phrodites,  in  which  there  are  present  (a)  Ovaries  associated  with 
combined  male  and  female  passages,  (b)  Testicles  with  a  similar 
combination,  (c)  Ovaries  and  testicles  co-existing  on  one  or  both 
sides. 

A  consideration  of  the  facts  set  forth  in  the  preceding  pages 
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shows  that  the  group  of  lateral  hermaphrodites,  as  above  defined, 
is  the  only  one  to  which  the  term  true  can,  with  propriety,  be 
applied,  whilst  all  the  others  ought  to  be  included  in  the  much 
larger  section  of  spurious  hermaphrodites,  with  the  doubtful 
exception  of  subdivision  (c),  which,  viewed  in  the  light  of 
embiyological  research,  ought  probably  to  be  placed  in  the 
category  of  double  monsters. 

In  conclusion,  I  have  to  acknowledge,  with  many  thanks,  the 
kindness  of  my  friend  Dr  Alfred  Young  in  reducing  and  adapting 
the  various  illustrations  which  accompany  this  paper. 


Explanation  op  Plate  III. 

Fig.  1.  Bifurcated  vesicula  prostatica  of  beaver  (Leuckart).  Fig. 
2.  Bifurcated  vesicula  prostatica  of  ass  (Leuckart).  Fig.  3.  Vesicula 
prostatica  of  goat,  showing  separation  into  uterine  and  vaginal  portions 
(Leuckart).  Fig.  4.  Female  organs  of  hare  (Owen).  Fig.  5.  Female 
organs  of  Indian  elephant  (Miall).  Fig.  6.  Female  organs  of  o])Os- 
snm  (Owen).  Fig.  7.  Uterus  of  cow  laid  open  (Owen).  Fig.  8. 
Double  uterus  and  vagina  of  child.  The  two  halves  are  quite  separate, 
as  in  the  opossum.  Fig.  9.  Double  uterus  and  vagina  of  human 
female.  The  two  halves  are  united  (KUssmaul)..  Fig.  10.  Double 
uterus,  with  incomplete  duplicity  of  vagina  of  human  female 
(Kiissmaul).  Fig.  11.  Uterus  of  human  female,  showing  single 
corpus  uteri  and  two  comua  (Farre).  Fig.  12.  Another  example  of 
the  same  (Kiissmaul).  Fig.  13.  Large  vesicula  prostatica  of  human 
male  resembling  the  female  uterus.  The  lower  portion  represents  the 
vagina  (Franque). 

Explanation  op  Plate  IV. 

Fig.  14.  Another  view  of  Franque's  case  of  large  vesicula  prostatica. 
Fig.  15.  Uterus  of  calf,  showing  the  canals  of  Gaertner  on  either  side 
(Kobelt),  Fig.  16.  Lateral  view  of  the  erectile  structures  in  human 
female  (Kobelt).  Fig.  17.  Penis  of  koala,  showing  bifidity  of  bulb 
and  glans  penis  (Young).  Fig.  18.  Generative  organs  of  Maria 
Arsano  (Simpson).  F'ig.  19.  Female  organs  of  Stenops,  showing  per- 
foration of  clitoris  by  urethra  (Vrolik).  Fig.  20.  Male  organs  of 
Hyaena  cr acuta.  Fig.  21.  Female  organs  of  ^2/^iacroci^a.  Fig.  22. 
Generative  organs  of  Valmont  (Bouillaud). 
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POEI  ABDOMINALES  OF  VERTEBRATA-  By 
T.  Wm.  Bridge,  M.A.,  Trinity  College,  Cambridge,  Professor 
of  Zoology  in  the  Boyal  College  of  Science,  IhMin. 

Thb  investigatioiis  as  to  the  nature  and  distribution  of  the 
abdominal  pores  of  Vertebrata,  of  which  the  following  paper 
gives  the  results,  were  undertaken  at  the  suggestion  of  Mr  F.  M» 
Balfour  of  Trinity  CoU^e,  Cambridge,  and  I  have  to  express 
my  thanks  to  him  for  the  readiness  with  which  he  placed  such 
of  his  material  as  was  of  use  to  me  at  my  disposaL  I  would  also 
wish  to  express  my  deep  obligations  to  Dr  Eisig  and  the 
authorities  of  the  Stazione  Zoologica  at  Naples  for  their  ex* 
ertions  in  supplying  me  with  numerous  specimens  during  the 
time  that  I  occupied  the  table  assigned  to  the  University  of 
Cambridga 

The  topography  of  the  various  structures  connected  with  the 

pori  abdominales,.  to  which  attention  is  directed  in  the  following 

^  paper,  will  perhaps  be  more  clearly  understood  if  I  give  a  brief 

account  of  them  as  they  occur  in  the  male  of  the  common  Dog- 

Fish  {Scyllium  canicula),  fig.  1. 

In  this  Shark  the  perivisceral  space  forms  a  single  cavity  through- 
out the  greater  part  of  its  extent,  though  dorsally  it  is  partially 
divided  into  two  halves  by  the  much  fenestrated  mesentery  that 
connects  the  alimentary  canal  to  its  dorsal  walL  At  a  point  cor- 
responding to  the  origin  of  the  ventral  fins,  and  immediately  in 
front  of  the  cloaca,  the  body  cavity  retains  its  embryonic  sub- 
division into  two  distinct  peritoneal  pouches.  When  traced 
backwards  the  two  pouches  rapidly  diminish  in  calibre,  and, 
I  passing  on  each  side  of  the  cloaca,  curve  downwards  and  termin- 

I  ate  in  the  conical  papillae,  which,  on  external  examination  of  the 

cloaca,  may  be  seen  to  project  from  its  dorsal  wall.  Examina- 
tion of  the  cloaca  shows  that  it  receives  at  its  anterior  end  the 
anus;  behind  the  anus  is  the  single,  median  and  papilliform 
outgrowth  of  the  dorsal  wall  of  the  cloaca  on  which  is  situated 
the  orifice  of  the  urinogenital  cloaca,  into  which  the  Wolffian 
dncts  and  ureters  open ;  and  still  more  posteriorly  are  the  paired 
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papiUffi,  in  which  the  two  peritoneal  pouches  end  csecally.  From 
a  median  ridge  of  the  dorsal  wall  of  the  cloaca  a  fold  passes  on 
each  side,  at  first  backwards,  and  then  carves  forwards  to  end  on 
the  lateral  margins  of  the  ellipsoidal  cloacal  orifice.  The  two 
crescentic  folds  divide  the  cloaca  into  an  anterior  compartment 
which  receives  the  rectum  and  the  urinogenital  ducts;  and  a 
posterior  division,  in  which  are  situated  the  peritoneal  papilke. 
At  the  base  of,  and  immediately  behind,  each  papilla  there  is  a 
small  caecal  involution  of  the  cloacal  walL  This  involution  and 
the  cavity  of  the  papilla  somewhat  overlap  one  another — ^the 
former  projecting  inwards  dorsad  of  the  latter.  The  csecal 
involutions — ^which  will  be  subsequently  referred  to  as  the 
cloacal  pits— end  quite  blindly,  having  no  communication  with 
the  peritoneal  pouchea  The  papilbe,  or  ]>eritoneal  papillae  as  I 
shall  in  future  call  them,  are  also  qidte  imperforate. 

We  may  now  examine  the  condition  of  the  peritoneal  papillae 
and  cloacal  pits  in  the  various  famili^  of  the  ElasmobranchiL 

ELASMOBRANCHIL 

Selachoidel  ScTLUiDiS. — ^As  has  abeady  been  described,  Seyl- 
liumcanictdahsB  both  imperforate  cloacal  papillseand  blind  cloacal 
pits ;  there  are  therefore  no  abdominal  pores.  Careful  injection  of 
the  papillae  with  coloured  injection  and  with  mercury  from  the 
abdominal  cavity,  readily  caused  them  to  become  distended ;  but 
there  was  not  the  slightest  escape  of  iujection  or  other  indication 
of  the  existence  of  pori  abdominales.  Microscopical  examina- 
tion of  the  apices  of  the  papillae  and  the  pits  led  to  the  same 
conclusion.  I  examined  a  large  number  of  specimens  of  both 
Scyllium  eanictda  and  Scyllium,  stdlare,  male  and  female,  with 
precisely  similar  results.  The  three  specimens  of  Pristiurus 
mdanostom/us  that  I  examined  agreed  substantially  with 
Scyllium.  Imperforate  peritoneal  papillae  were  present,  and  the 
cloacal  pits,  though  absent  in  the  male,  were  present  iuthe  form 
of  very  shallow  depressions  in  the  female. 

In  a  young  specimen  of  Stegostoma  tigrinvmi  the  papillae  and 
pits  exactly  resembled  those  of  Scyllium,  and,  as  in  the  latter, 
both  were  imperforate. 

In  a  small  male  example  of  ChUoscyUium  indicus  the  pores 
were  absent,  though  the  papillae  and  pits  were  very  evident. 
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CABCHA.RliDi£. — ^lu  a  male  specimen  of  Carcha7*ias  glaucus, 
about  five  feet  in  length,  tlie  peritoneal  papillae  were  very  con- 
siderable teat-like  projections,  three-quarters  of  an  inch  long. 
The  apices  of  the  papillae  were  perforated  by  relatively  small 
pores,  but  there  were  no  traces  of  cloacal  pits. 

In  an  example  of  a  male  GcUetis  cams  I  found  distinct  peri- 
toneal papillae  overlapping  the  csecal  cloacal  pita.  The  right 
papilla  had  its  apex  perforated  by  a  laige  abdominal  pore,  but 
the  left  one  was  quite  imperforate. 

In  Mugtdvs  vulgaris  (female)  the  papillae  are  rather  large,  with 
blunt  apices;  and  on  injection  a  very  minute  pore  became 
apparent  at  the  apex  of  each  of  them.  The  cloacal  pits  were  so 
shallow  as  to  be  scarcely  recognisable.  The  crescentic  fold 
which  was  mentioned  in  the  description  of  Scyllium  as  marking 
off  the  anal  and  urinogenital  segment  of  the  cloaca  from  the 
posterior  division,  is  unusually  well  marked  in  Mustelus.  In  a 
male  embryo  of  the  same  species,  about  six  inches  long,  the 
papillae  were  quite  impervious  to  injection  from  the  body  cavity. 

Pores  are  also  present  in  CartJuiTiaa  mdarvopteras, 

NoTiDANiDje. — ^In  the  single  specimen  of  this  family  which  I 
have  been  able  to  examine, — a  female  of  NotHanus  cinerevs, — the 
peritoneal  papillae  were  swollen  and  baglike,  but  injection  failed 
to  d^oionstrate  the  existence  of  any  pores  by  which  their  cavities 
could  communicate  with  the  exterior.  There  were  no  cloacal 
pits. 

Cestragiontid^ — In  two  young  specimens  of  Cestradon 
phiUipi,  15  inches  and  12  inches  in  length  respectively,  and  of 
the  female  sex,  the  small  peritoneal  papillae  and  cloacal  pits 
were  situated  at  the  mesial  ends  of  two  crescentic  furrows  that 
crossed  the  cloacal  roof.  Both  the  papillae  and  the  pits  were 
quite  imperforate. 

SPiNACiDiB. — Of  several  adult  specimens  of  AcarUhias  vulgaris 
that  I  examined — nearly  all  were  females,  in  which  the  con- 
dition of  the  papillae  and  the  cloacal  pits  seemed  to  depend  on 
the  sexual  condition  of  the  particular  specimen.  In  one 
specimen — a  female  in  which  the  oviducts  were  distended  with 
embryos  8  inches  long — I  found  well-marked  papillae  and 
shallow  cloacal  pits.  The  left  papilla  was  perforated  by  an 
abdominal  pore  with  ragged  and  vascular  edges,  but  the  right 
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one  was  imperforate.  In  one  of  the  embryos  taken  from  tiie 
oviduct  of  this  specimen,  the  right  papilla  was  also  imperforate, 
though  the  left  one  had  a  small  pore.  In  a  second  gravid  female, 
in  which  the  embryos  were  12  inches  long,  two  large,  widely 
open,  slit-like  pores  with  ragged  edges  had  entirely  obliterated 
all  traces  of  papillee  and  pits.  Of  the  three  embryos  taken  from 
the  oviducts  of  this  specimen,  one,  a  male,  had  large  slit-like 
pores  and  no  pits ;  the  second,  a  female,  had  perforated  papillae 
and  small  pits;  while  in  the  third  one  no  trace  of  pori  ab- 
dominales  could  be  detected. 

The  effect  of  the  sexual  condition  of  the  specimen  on  the  con- 
dition of  the  papillse  and  pores  was  well  shown  in  these  specimens 
of  the  viviparous  female  of  AcarUhias  vtUgaris.  The  distension 
of  the  oviducal  walls  by  their  contained  embryos  leads  to  general 
dilatation  of  the  abdominal  walls,  to  enlargement  of  the  orifices 
of  the  Miillerian  ducts,  and  to  distension  and  turgescence  of  the 
peritoneal  papilke  with  enlargement  of  the  pores.  Hence,  in 
non-gravid  female  specimens  and  in  males  well-marked  papillae, 
abdominal  pores,  and  shallow  cloacal  pits  are  generally  present. 
On  the  other  hand,  in  gravid  females,  and  especially  in  those 
in  which  the  embryos  are  of  a  large  size,  the  papillae  and  small 
pores  are  replaced  by  exceedingly  laige  pores  with  ragged  and 
highly  vascular  edges.  I  have  no  doubt  that  similar  variations 
will  be  found  to  occur  in  the  females  of  other  species  of 
Selachians,  and  especially  in  the  viviparous  forms.  Nor  is  it 
altogether  improbable  that  pores  may  be  temporarily  present  in 
the  females  of  those  genera  in  which  I  have  hitherto  failed  to 
detect  them — at  all  events  in  their  breeding  season. 

In  a  male  Spinax  niger  there  were  well-marked,  slit-like  pores, 
but  no  distinct  papillae. 

Turner,^  in  his  description  of  Laemurffus  borealis — the  Green- 
land Shark — ^says  that  in  a  female  specimen  of  that  Shark  the 
abdominal  cavity  terminated  posteriorly  in  funnel-shaped  and 
somewhat  twisted  peritoneal  pouches,  which  were  prolonged  on 
each  side  of  the  rectum  to  round  pori  abdominales  opening  into 

1  Journal  of  Anatomy  and  Physiology ^  vol.  vii.  p.  242,  and  vol.  xii.  p.  606. 
In  the  paper  on  this  shark  in  vol  xii.,  Turner  describes  a  pair  of  oviducts  as  pre- 
sent, and  explains  how  they  had  not  been  recognised  in  the  specimen  first  dis- 
sected. 
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the  cloaca ;  each  pore  was  protected  by  fimbriated  procecees  of 
the  soft  integument. 

In  a  mfde^  of  the  same  species  the  abdominal  pores  were 
transversely  elongated  orifices. 

The  same  writer*  describes  the  Spiny  Shark  (£chi7iorhintL8 
^nostis)  as  possessing  two  pori  abdominales,  each  large  enough 
to  admit  a  catheter. 

BniNiDiE. — In  a  female  specimen  of  the  Angel-Shark  {Bhina 
sgtuUina)  there  was  a  small  papilla  on  the  right  side  and  behind 
it  a  very  shallow  cloacal  pit ;  but  on  the  left  side  the  cloacal 
wall  was  quite  unbroken  by  either  outgrowth  or  ingrowth. 

In  a  young  male  about  12  inches  long,  I  found  small  papilte 
and  obliquely  disposed  slit-like  cloacal  pits.  In  both  specimens 
the  pit's  and  peritoneal  papillae  were  imperforate. 

Batoidei.  Torpedinida — In  Torpedo  narce  the  pori  abdo- 
minales  are  lateral  slits  situated  one  on  each  side  of  the  hinder 
margin  of  the  cloaca ;  they  open  directly  on  the  external  surface 
and  not  into  the  cloaca ;  internally  they  open  widely  into  the 
body  cavity.    There  are  no  papillae. 

In  Torpedo  marmorcUa  the  external  slit-like  orifices  lead  into 
cloacal  pits,  which  open  into  the  body  cavity  by  a  very  small 
orifices. 

Raiid^ — In  the  common  Skate  (Baia  hatis)  the  pores  are 
laige,  somewhat  obliquely  disposed,  slits  situated  to  the  outer 
side  of  the  hinder  margin  of  the  cloaca ;  they  open  widely  into 
the  perivisceral  cavity. 

In  a  male  specimen  of  Baia  danxzta  I  found,  in  the  same  posi- 
tion, deep  cloacal  pits ;  the  one  on  the  right  side  ended  blindly, 
but  the  left  one  communicated  with  the  body  cavity  through  a 
minute  orifice  in  its  anterior  waU.    There  were  no  papillae. 

In  three  specimens  of  Baia  maculata, — ^two  males  and  one 
female, — ^that  I  examined,  there  were  slit-like  orifices  on  each  side 
of  the  cloacal  opening  which  led  into  tolerably  deep  cloacal  pits, 
but  there  was  no  communication  between  the  pits  and  the  body 
cavity.  There  were,  therefore,  no  abdominal  pores  in  this  specimen. 

^  '  'Additional  Observations  on  the  Anatomy  of  the  Greenland  Shark"  ( Laemurgui 
boreeUis),  Journal  of  Anatomy  and  Physiology ,  yol.  viii.  p.  289. 

*  "Observations  on  the  Spiny  Shark"  (Echinorhinus  spinostu)  Journal  of 
Anatomy  and  Physiology^  vol.  iz.  p.  298. 
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In  Baia  marginata  there  are  cloocal  pits  communicating  with 
the  body  cavity  by  pori  abdominales  in  their  dorsal  walls.  No 
papillae  were  present  Two  specimens,  a  male  and  female,  were 
examined. 

Raid  punctata  very  much  resembled  the  last-mentioned  species 
in  the  condition  of  its  pores. 

In  Raia  mirgletus  the  cloacal  pits  appeared  to  communicate 
very  widely  with  the  perivisceral  cavity. 

TRYGONlDiB. — In  a  female  Trygon  pastinaea  I  found  short, 
conical,  peritoneal  papillae,  and  behind  them  relatively  deep 
cloacal  pits.  Both  papillae  were  perforated  by  abdominal  pores, 
though  the  right  pore  was  very  much  smaller  than  the  left  In 
a  male  of  the  same  species  both  papillae  were  perforated  by 
abdominal  pores,  but  the  pits  were  shallow.  In  another  species 
(Trygon  hrucco),  though  a  perforated  papilla  and  a  small  pit 
were  present  on  the  right  side,  an  imperforate  cloacal  pit  only 
could  be  detected  on  the  left  sida 

MARSIPOBRANCHII. 

I  am  able  to  confirm  the  account  given  by  Ewart^  of  the 
abdominal  pores  in  the  Lamprey  and  in  Myxine.  In  the 
former  the  two  efferent  ducts  of  the  kidneys,  or  segmental 
ducts,  unite  behind  the  anus  and  form  a  pear-shaped  sinus, 
the  external  opening  of  which  is  situated  at  the  apex  of  a 
weU-marked  papilla,  to  be  seen  projecting  from  the  bottom  of 
a  shallow  elliptical  fossa  common  to  it  and  to  the  more  ante- 
riorly situated  anus. 

Each  posterior  horn  of  the  perivisceral  cavity  communicates 
with  the  exterior  by  means  of  a  slit-like  perforation  in  the  side 
walls  of  the  pear-shaped  sinus ;  so  that  a  probe  introduced  into  the 
sinus  through  the  external  orifice  at  the  apex  of  the  papilla  may 
be  passed  into  either  of  the  segmented  ducts,  or  through  the 
slit-like  openings  into  one  of  the  lateral  halves  of  the  body 
cavity.  In  the  Lamprey,  therefore,  there  are  two  pori  ab- 
dominales which  communicate  with  the  exterior  by  a  short 
sinus-like  canal  common  to  them  and  to  the  segmental  ducts. 
In  the  male  the  papilla  is  long,  somewhat  curved,  and  has  a 

'  "  Note  on  the  Abdominal  Pores  and  Urinogenital  Sinua  of  the  Lamprey/' 
Journal  of  Anaioniy  and  Physiology,  vol.  z.  p.  488. 
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very  small  orifice ;  but  in  the  female  it  is  short/thick,  compressed 
laterally  and  almost  straight,  while  the  external  orifice  is  a  large 
oval  opening.  In  the  Lampreys  distended  with  ova  or  semen  the 
abdominal  pores  partake  in  the  general  distension  of  the  adjacent 
parts,  and  are  laiger  than  at  other  times. 

The  disposition  and  arrangement  of  the  pores  and  segmental 
ducts  in  the  Myxine  are  substantially  the  same  as  in  the 
Lamprey. 

HOLOCEPHALA. 

In  Chvmaera  monstrosa  the  abdominal  pores  communicate  with 
the  two  posterior  horns  of  the  body  cavity  by  short  though 
rather  wide  canals.  The  pores  are  situated  just  behind  the 
anus  and  in  front  of  the  separate  openings  of  the  Mtdlerian 
and  urinfury  ducts.  There  is  no  cloaca,  the  pores  and  the  ducts 
having  the  same  relative  positions  as  their  homologues  in  the 
Ganoidei  and  Teleostei 

GAKOIDEI. 

In  three  specimens  of  Adpenser  sturio,  all  females,  that  I 
examined,  the  abdominal  pores  were  very  large  slit-like  orifices ; 
they  were  situated  immediately  behind  the  anus,  and  in  front  of 
the  single  and  median  urinogenital  orifice ;  internally  they  opened 
widely  into  the  body  cavity.  There  were  no  traces  of  peritoneal 
papillse.  As  in  all  other  Ganoidei,  there  is  no  cloaca,  the  urino- 
genital orifice  and  the  pori  abdominales  opening  directly  on  the 
exterior. 

Gtinther  ^  failed  to  find  abdominal  pores  in  a  young  example 
of  Adpeviser  sturio  (var.  A.  oxyrhyncihus)  24  inches  long ;  and  in 
an  example  of  A.  maculosus,  20  inches  long,  he  found  one  large 
pore  on  the  left  side,  but  none  on  the  right  Wagner^  makes 
a  somewhat  important  statement  with  regard  to  the  species 
A.  husOy  A.  stdlatus,  and  A.  ruthvenus.  He  says  that  in  these 
species,  as  well  as  in  the  Sturgeons  generally  (except  A,  sturio), 
the  abdominal  pores  open  into  the  ureters,  and  not  directly  on 
the  exterior. 

The  pori  abdominales  of  Polyodon  folium  are  much  the  same 
as  those  of  Adpenser  stvrio;  they  are  simple,  relatively  wide 

*  "Deecriptionof  CeratoduB,'*PAa.  Trans,,  1871,  p.  549. 

'  BlemenU  of  the  CompanUitc  Anatomy  of  the  Vert^mU  Animals,  1845. 
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canals,  with  obliquely  disposed  external  orifices  situated  on 
either  side  of  the  hinder  margins  of  the  anus.  In  the  particular 
specimen  examined^  the  left  pore  was  much  larger  than  the 
right  one,  as  also  was  the  left  Mlillerian  duct  when  compared 
with  its  fellow. 

In  the  Teleostioid  Ganoids  the  pores  are  much  smaller  than 
those  of  Acipenser  and  Polyodon*  In  Amia  eaJva  they  are 
small  round  orifices  situated  on  either  side  of  the  anterior  part 
of  the  elongated  fossa  into  which  the  anus  opens.  There  are  no 
papillae  or  cloacal  pits.  The  pores  are  precisely  similar  in  both 
males  and  females. 

From  Hyrtl's  ^  figures  of  the  abdominal  pores  of  Pdypterus, 
it  would  seem  that  in  this  Ganoid  they  are  somewhat  papillif orm, 
and  situated  rather  in  front  of  than  behind  the  triangular  anal 
orifice.  The  pores  in  a  specimen  of  Calariwickthys  calaharensis 
that  I  examined  had  much  the  same  character,  though  there 
were  no  papilke. 

In  LepidosteuB  osseus  the  small  pores  are  situated  at  the  apices 
of  well-marked  papillae,  and  lie  on  each  side  of  the  anus. 

DIPNOI. 

CeraioduB^osteri  differs  from  existing  Ganoids  and  from  the 
other  Dipnoids  in  that  the  rectum,  and  the  dilated  urino-genital 
clonaca  which  receives  the  Wol£San  and  Mlillerian  ducts,  open 
into  a  large  round  cloaca.  Abdominal  pores  are  present  in  the 
form  of  exceedingly  wide  canals,  that  communicate  with  the 
exterior  through  crescentic  widely  open  slits  on  each  side  of  the 
posterior  margin  of  the  cloaca. 

In  Protopterus  annedens^  the  disposition  of  the  pores. is 
somewhat  different.  The  shallow  cloaca  has  a  small  ellipsoidal 
aperture  just  behind  the  ventral  fins.  As  in  Zepidosiren  paradaxa 
the  cloacal  orifice  does  not  lie  in  the  median  line,  but  on  the 
right  side  of  a  median  and  longitudinal  fold  of  the  integument 
The  two  halves  of  the  body  cavity  are  quite  distinct  from  each 
other  for  at  least  the  posterior  two-thirds  of  its  extent;  pos- 
teriorly they  gradually  contract  into  peritoneal  canals,  and  after 

'  For  the  opportunity  of  examining  this  specimen  I  am  indebted  to  the  courtesy 
of  Professor  Macalister  of  Trinity  CoU^,  Dublin. 
«  Denkschnjim  der  K,  Akad,  A.  Wissenseh  Witni.,  toI.  yiiL  Taf.  iii.  fig.  I 
*  Owen,  "Description  of  Lepidosiren  annectens,"  Trans,  Linn,  Soe.  vol.  zrilL 


FORI  ABDOMINALES  OF  VERTEB&ATA.  89 

intercommunicating  by  an  oval  aperture,  open  outwards  bj  a 
single  external  pore  placed  in  front  of  the  anus,  but  surrounded 
by  the  common  cloacal  sphincter.  The  ureters  join  the  con* 
fluent  oviducts,  and  the  single  urino-genital  orifice  is  behind  the 
anus. 

TELEOSTEI. 

Fori  abdominales  are  present  iQ  three  families  of  Physostome 
Teleostei — in  the  Scdmomdee,  the  Murcenidoe^  and  Mormyridm. 
.  In  the  Salhonid^  the  pores  are  present  only  in  the  females 
of  the  gentts  Scdmo,  and  their  presence  is  correlated  with  the 
absence  of  oviducts;  in  the  male  Salmo  there  are  no  pores,  but 
the  testes  have  proper  efferent  ducts. 

In  Salmo  solar  the  pores  are  somewhat  asymmetrically  dis- 
posed; the  left  pore,  which  is  small,  is  situated  at  the  side  of  the 
anus,  while  that  on  the  right  side  is  very  laige,  and  lies  rather 
behind  the  anus. 

MuRJUffOiDSi. — Abdominal  pores  are  present  in  both  males 
and  females  of  Anguilla  vulgaris,  and  have  much  the  same 
character  in  both  sexes.  The  two  lobes  of  the  kidney  coalesce 
just  in  front  of  the  anus,  and  form  a  median  lobe,  which  extends 
backwards  for  some  little  distance  into  the  tail.  With  the 
union  of  the  kidney  lobes  their  ureters  also  unite,  and,  after 
receiving  a  duct  from  the  postanal  segment  of  the  gland,  the 
common  duct  so  formed  diktes  into  a  pyriform  bladder,  which 
curves  downwards  behind  the  rectum  to  an  external  orifice  with 
prominent  lips,  situated  just  behind  the  vent. 

The  body  cavity  is  also  continued  for  some  distance  into  the 
tail  in  the  form  of  two  postanal  peritoneal  pouches.  Between 
the  rectum  and  the  common  ureter  a  curious  slit-like  orifice  in 
the  contiguous  limiting  walls  of  the  two  pouches  places  them  in 
communication  with  one  another.  This  orifice  may  be  compared 
to  the  similar  aperture  which,  in  Protopteras,  connects  the  two 
peritoneal  canals.  Furthermore,  the  two  peritoneal  pouches 
communicate  with  the  exterior  by  a  single  pore  which  opens 
just  within  the  external  orifice  of  the  common  ureter.  In  the 
opening  of  its  pores  into  the  terminal  segment  of  the  urinary 
duct  the  Eel  bears  some  resemblance  to  the  Lamprey. 

The  disposition  of  those  structures  is  much  the  same  in  the 
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Conger  Eel  {Cmger  vulgaris).  There  is  a  shallow  cloacal  fossa, 
and  at  the  bottom  of  it  two  oi)ening8  may  be  seen ;  one  is  the 
common  oiifice  of  the  urinary  ducts  and  the  single  pore ;  the 
other  is  the  anus.  A  wide  slit  allows  the  two  peritoneal  pouches 
to  communicate  with  one  another  just  behind  their  common 
opening  within  the  urinary  aperture.  I  regret  that  lack  of 
examples  prevented  me  examining  the  condition  of  those  parts 
in  Mursena,  Ophichthys,  Mureeaesox,  &c.,  and  in  the  Gymnotidse. 
MoRMYRiDiE. — Hyrtl  ^  first  discovered  the  co-existence  of  pori 
abdominales  and  true  generative  ducts  in  Mormyrus  oocyryruhus^ 
and,  from  an  examination  of  a  specimen  of  this  fish,  I  am  able  to 
confirm  the  correctness  of  his  account  In  my  specimen— a 
male — ^the  pores  much  resembled  those  of  the  Stuigeon;  they 
were  relatively  of  large  size,  and  were  situated  in  each  side  of 
the  posterior  margin  of  the  vent.  The  left  testis  and  the  efferent 
duct  with  its  external  opening  were  distinct  enough,  and  in 
structure  and  relations  resembled  those  of  other  Teleostean 
Fishes,  but  of  the  right  testis  and  its  duct  I  could  detect  no  trace 
whatever. 

AMPHIBIA. 

Specimens  of  Bana,  Bufo^  Triton,  Proteus^  Siren,  Siredon,  and 
Menobranchus  were  examined,  but  nothing  of  the  nature  of  pori 
abdominales,  peritoneal  papillae,  or  cloacal  pits  could  be  detected. 

CHELONIA. 

The  peritoneal  canals  and  cloacal  bladder  of  the  Ohelonia 
have  been  described  by  Dr  Anderson  in  an  interesting  paper  in 
the  Journal  of  the  Linnsan  Society,  voL  xii. 

The  body  cavity  in  these  Beptilia  terminates  on  each  side  of 
the  neck  of  the  bladder  in  two  slender  peritoneal  canals ;  these 
canals,  which  are  capable  of  considerable  distension,  traverse  the 
inside  of  each  corpus  cavemosum  of  the  penis  or  the  clitoris,  and 
finally  terminate,  without  any  diminution  in  capacity,  at  the 
base  of  the  glans,  both  of  the  penis  and  clitoris.  As  to  the 
termination  of  these  peritoneal  canals  opinions  have  differed. 
Guvier  ^  described  each  peritoneal  canal  of  the  male  Tortoise  as 

1  Denkxhriften  der  K,  Acad,  Wws.  Wien,,  voL  i. 
*  Anat.  Comp.,  YoL  v.  p.  114. 


POm  ABDOMINALES  or  V£BTEBRATA.  91 

terminating  in  a  cul-de-sac  at  the  base  of  the  glans.  Ib. 
Qeoffrej  St  Hilaire  and  Martin,^  from  injection  experiments  on 
Teshtdo  indica  and  Emys  trifuga,  arrived  at  the  conclusion  that 
each  peritoneal  canal  at  its  extremity  divides  into  two  branches, 
one  branch  opening  into  the  cavity  of  the  cloaca  at  the  base  of 
the  glans,  and  the  other  terminating  in  the  vascular  channels  of 
the  corpora  cavernosa  and  the  glan&  These  experimenters  found 
that  injection  of  mercury  into  the  peritoneal  canals  was  followed 
by  inflation  of  the  corpora  cavernosa,  as  well  as  by  escape  of  the 
injection  through  minute  orifices  at  the  base  of  the  glans.  From 
his  injection  experiments  with  water  coloured  by  carmine, 
Anderson  concludes  that  the  connection  which  GeofBrey  St 
Hilaire  and  Martin  believed  that  they  had  established  between 
the  peritoneal  canals  and  the  blood  spaces  of  the  cavernous 
bodies  was  due  to  extravasation  of  the  injection.  He  states  that 
in  his  experiments,  the  injection  never  entered  the  corpora,  but 
in  nearly  all  cases  escaped  by  a  minute  simple  or  papilliform 
orifice  at  the  base  of  the  glans.  These  apertures  are  found, 
without  distinction  of  sex,  in  Geoemyda  ffrandis,  Emys  hamU" 
tonii,  Trionyx  ocdkUus,  Trionyx  gangeticus,  Baiagur  thurgi, 
Chiira  indiea,  Emys  trijiiga,  Emys  platynotiis,  and  Baiagur 
lineata  ;  and  as  some  of  these  forms  belong  to  widely  separated 
groups  of  Chelonia,  it  may  be  fairly  assumed  that  they  are  very 
extensively  present  in  the  group.  Dr  Anderson  concludes  that 
these  orifices  "  are  strictly  homologous  with  the  abdominal  pores 
of  Selachians  and  Ganoids." 

In  addition  to  pori  abdominales,  cloacal  bladders  are  very 
generally  present  in  this  group.  These  bladders,  which  were 
first  actually  described  by  Bojanus,'  are  capacious  sacs,  opening 
into  the  cloaca  near  its  anterior  extremity,  and  internally 
projecting  somewhat  into  the  perivisceral  cavity.  Anderson 
finds  that  these  bladders  are  developed  in  JEmys  trifuga,  E, 
crassicollis,  Batagur  dhoTigoka,  B,  Hiieata,  B.  fusca,  B,  oceUata,  B. 
teramorei,  Pangshura  tecta,  P.  tetUonia,  P.  Smithii,  P,  flaviven- 
tris,  P.  sylJieterms,  Cuora  amboinensis,  Cydemys  dentata,  Geoemyda 
depressa,  O.  grandis,  and  Platystemum  megacepTialum,  The 
inner  walls  of  these  bladders  may  be  perfectly  smooth,  as  in  all 

»  Ann.  des  Sc.  Nat.  vol  xiii.  (1828),  pp.  168,  ^1. 
*  AntU.  Teslvd.  Europ.  1819,  21. 
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the  true  Emydes  and  Batagurs,  or  covered  with  long  villi,  as  in 
Pangshura,  Cyclemys,  Platystemum,  and  Greoemyda.  Gloacal 
bladders  apparently  are  not  to  be  found,  so  far  as  Dr  Anderson's 
researches  go,  in  Testvdo,  Pyxidea,  THonyx,  ChUra;  and  -Prfo- 
chdys.  No  doubt  they  correspond  to  similar  csecal  diverticula 
that  are  met  with  in  Crocodilia,  LacertUia,  and  Ophidia,  and  it 
is  possible  that  all  these  structures  may  be  related  to  the  cloacal 
pits  of  the  Elasmobranch  Fishes. 

CROCODILIA. 

The  only  other  Vertebrata  in  which  pori  abdominales  are 
known  to  exist  are  the  Crocodilia.  As  in  Sauropsida  generally* 
and  as  in  the  Elasmobranchii,  the  urinary  and  genital  ducts  open 
into  a  cloaca.  A  transversely  disposed  projection  of  the  dorsal 
wall  of  the  cloaca  divides  the  cavity  into  an  anterior  and  a 
posterior  division.  The  anterior  compartment  receives  the 
rectum  and  the  generative  and  urinary  ducts. 

The  perivisceral  cavity  terminates  behind  in  two  narrow 
peritoneal  canals,  which  are  continued  backwards  and  down- 
wards on  each  side  of  the  urinogenital  division  of  the  cloaca ; 
essentially,  they  open  externally  by  two  small  pores  situated  on 
the  anterior  wall  of  the  cloaca  at  the  base  of  the  penis  in  the 
male  or  clitoris  in  the  female.  The  pores,  though  they  have 
prominent  lips,  are  scarcely  papilliform.  The  above  description 
applies  to  a  species  of  Alligator.  In  a  species  of  OrocodUu^^-^L 
male — I  found  a  somewhat  different  condition  of  things.  The 
peritoneal  canals  terminated  in  two  small  projecting  papillae  at 
the  base  of  the  penis — but  as  the  apices  of  these  papillee  were 
quite  imperforate,  there  were  no  abdominal  pores.  Behind  the 
papilke  of  the  Crocodile  and  the  pores  of  the  Alligator,  there  is 
a  pair  of  deep  caecal,  glandular  pouches  opening  on  the  lateral 
walls  of  the  cloaca,  and  much  resembling  in  position  and  in 
other  respects  the  cloacal  pits  of  the  Elasmobranchii 

It  may  be  remarked  that  similar  cloacal  glands  are  very 
generally  present  in  other  Sauropsida,  opening  either  into  the 
cloaca  or  near  its  hinder  margin. 

SUMMARY  AND  CONCLUSIONS. 
In  Elasmobranchii  may  be  noted  the  frequent  coexistence  of 
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two  distinct  cloacal  structures — (1)  paired  outgro¥^hs  of  the 
body  cavity  (the  peritoneal  papillae) ;  and  (2)  csecal  involutions 
of  the  epiblast  from  which  the  posterior  and  outer  division  of 
the  cloaca  is  derived  (cloacal  pits).  It  would  seem  probable 
that  in  this  group  abdominal  pores  may  be  formed  in  two 
different  ways — (1)  by  the  perforation  of  the  apices  of  the 
peritoneal  papillae,  as  in  the  majority  of  the  Sharks  and  Dog- 
Fishes  in  which  pores  are  present ;  and  (2)  by  the  perforation  of 
the  cloacal  pits,  as  appear  to  be  the  case  in  the  majority  of  the 
Skates  and  Kays.  The  pores,  when  present,  are  invariably 
situated  posterior  to  the  openings  of  the  generative  and  urinary 
ducts,  which  lie  between  the  former  and  the  anus.  In  the 
Selachoidei  the  pores  open  into  the  hindermost  division  of  the 
cloaca,  but  in  the  Batoidei  they  are  situated  altogether  outside  the 
cloaca. 

Furthermore,  it  would  appear  that,  of  the  specimens  examined, 
the  abdominal  pores  were  altogether  absent  in  three  families 
(Natidanidofy  CestradoiUidcBy  and  JRhinida),  and  in  at  least  four 
genera  {ScyUium,  Fristiurus,  Stegostoma,  and  Chiloscyllium)  of 
the  Scylliidse;  that  they  may  be  absent  in  one  species  and 
k  present  in  other  species  of  the  same  g^nus,  as  is  evident  from 

their  existence  in  Baia  marginata,  R.  punet<Ua,  and  22.  mircUetua, 
and  their  absence  in  both  sexes  of  JSaia  maculata.  Pores  may 
also  be  present  in  one  individual  and  absent  in  another 
individual  of  the  same  species,  as  in  young  specimens  of 
Acanthias  vulgaris  and  ifustelus  mUgaris;  then,  again,  pores 
may  be  absent  on  one  side  of  the  cloaca  and  present  on  the 
other,  as  in  specimens  of  Chdetcs  canis,  Acanthias  vtifgaris,  and 
Itaia  elavaia. 

The  pores  also  seem  subject  to  much  specific  and  individual 
I  variation,  and  their  liabibity  to  a  sympathetic  variation  de- 

pendent on  the  condition  of  the  female  organs  is  evident  from 
I  the  varying  condition  of  the  pores  in  gravid  and  non-gravid 

examples  of  Acanthias  vulgaris.  It  is  not  clear  that  the 
presence  or  absence  of  the  pores  can  be  correlated  with  struc- 
tural variations  in  other  organs. 

In  the  Marsipobranchii  pori  abdominales  are  certainly  present 
in  Petromyzon  and  Myodne,  They  open  into  a  umiogenital  sinus, 
and  not  directly  on  the  exterior^  and  their  presence  is  associ- 
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ated  with  the  non-development  of  Miillerian  ducts.  In  Ganoids 
the  poies  are  invariably  present,  with  the  possible  exception  of 
certain  species  of  Acipenser  (Glinther)  1  they  open  directly  on 
the  exterior,  and  not  into  a  cloaca.  They  are  large  in  the 
Selachoid  Ganoids,  relatively  small  in  the  Teleostioid  forms,  and 
papilliform  in  Lepidosteus  and  Polypterus  only.  They  differ 
from  the  Elasmobranch  pores  in  being  situated  in  front  of  the 
urinogenital  opening,  and  in  the  more  specialised  Ganoids  (Amia, 
Poljrpterus)  they  have  a  tendency  to  get  in  front  of  the  anus. 
No  cloacal  pits  could  be  distinguished.  On  the  authority  of 
Wagner,  it  would  appear  that  in  certain  species  of  Acipenser 
(A.  nUhvemts,  A,  stellatus,  A.  huso)  the  pores  communicated 
with  the  exterior  by  opening  into  the  confluent  unsplit  portions 
of  the  primitive  segmental  ducts,  as  in  the  Marsipobranchii. 

In  the  Holocephali  pores  are  present  in  both  sexes.  In 
the  relative  position  of  their  pores  with  regard  to  the  uri- 
nary and  generative  openings,  and  in  the  absence  of  a  cloaca, 
the  Chimfieroid  Fishes  resemble  the  Ganoid  and  Teleostean 
Fishes. 

The  Teleostei  agree  with  the  Ganoids  in  the  disposition  and 
nature  of  their  pores,  which  are  simple  slit-like  orifices,  without 
peritoneal  papillss  or  cloacal  pits.  They  are  situated  dose  be- 
hind the  anus  and  in  front  of  the  urinary  and  generative  aper- 
tures, but  in  the  Eel  open  within  the  margin  of  the  orifice  of 
the  urinary  duct.  There  is  no  cloaca.  The  correlation  of  the 
pori  abdominales  with  atrophy  of  the  oviducts  in  the  female 
Salmon,  the  absence  of  pores  and  the  presence  of  generative  ducts 
in  the  ma)e  Salmon,  the  existence  of  pores  and  absence  of  gene- 
rative ducts  in  both  sexes  in  the  Eel,  are  noteworthy  features. 
Finally,  the  undoubted  co-existence  of  abdominal  pores  and  true 
generative  ducts  in  Mormyrus  oxyryncJms  is  a  potent  argument 
against  the  otherwise  reasonable  idea — suggested  by  the  com- 
plementary nature  of  their  pores  and  ducts — that  the  abdominal 
pores  of  Salmo  and  Anguilla  are  atrophied  Mullerian  ducts.  It 
may  be  remarked  that  in  the  Teleostei  abdominal  pores  are  only 
found  in  three  families  of  Physostomi  which  are  otherwise 
characterised  by  the  possession  of  not  a  few  embryonic  features 
— ^the  result  bf  degradation,  or  the  persistence  of  a  primitive 
condition,  or  both.     In  their  skeletal  anatomy,   and  in  their 
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soft  parts,  the  Salmoiricte  and  the  MunenidaB  exhibit  a  far  lower 
degree  of  specialization  than  do  most  other  PhysostomL^ 

I  may  add,  that  I  have  examined  various  species  of  about  ten 
genera  of  Siluroidei,  but  faQed  to  find  any  indication  of  the 
existence  of  abdominal  pores  in  that  important  group.  Of  the 
Dipnoi,  CeratoduSy  in  having  the  pores  on  the  hinder  margin  of 
a  cloaca,  and  behind  the  urinogenital  opening,  repeats  the 
Selachoid  arrangement  of  those  structures.  FtotoptertUy  in 
having  a  single  pore  in  front  of  the  anus,  exaggerates  a  tendency 
observable  in  the  higher  Ghmoids. 

In  the  Sauropsida  abdominal  pores  are  present  in  two  groups 
only  {Chelonia  and  CrocodUia).  Both  these  groups  resemble 
the  Selachians  in  (1)  the  co-existence  of  pori  abdominales  and 
cloacal  pits ;  (2)  the  variable  distribution  of  the  pores  and  pits ; 
and  (3)  in  having  a  cloacal  outlet  for  the  pores,  the  rectum,  and 
the  urinary  and  generative  ducts. 

In  certain  groups  of  Sauropsida — ^the  Zacertilia  and  the 
Ophidia — ^large  and  glandular  cloacal  pits  only  are  to  be  found 

Function  of  the  abdonvinal  pores. — In  the  majority  of  Elasmo- 
branchii  the  pores  cannot  function  as  efferent  ducts  of  the 
generative  organs,  because  proper  generative  ducts  are  almost 
invariably  present.  Nor  is  it  at  all  easy  to  see  that  they  can  be 
of  use  to  their  possessors  in  any  other  way.  The  apparently 
arbitrary  presence  and  absence  of  the  pores,  and  their  tendency 
to  individual  variation,  are  cogent  reasons  for  believing  that, 
whatever  may  once  have  been  their  functional  importance,  they 
are  now  merely  f  unctionless  and  rudimentary  structures.  It  is  not 
clear  that  the  pores  of  the  female  Ganoids  and  Dipnoi,  and  those 
of  both  sexes  in  Mormyrus  oxyrynchuSy  in  Chelonia,  and  in  Cro-> 
codilia,  can  subserve  any  very  definite  or  important  function. 
Grenerative  ducts  co-exist  with  the  pores  in  Mormyrus,  in  Che- 
lonia, and  in  Crocodilia ;  and  in  the  two  latter  groups  the  exist- 
ence of  pores  is  far  from  being  imiversaL  In  these  forms, 
therefore,  as  in  Elasmobranchii,  the  abdominal  pores  must  be 
r^arded  as  persistent  rudiments.^ 

'  For  farther  discussion  of  this  point  sec  Balfour's  paper  on  ''  Origin  and  His- 
tory of  the  Urinogenital  Organs  in  Vertebrates,"  Jovrnai  of  Aiiatomy  and  Physi-' 
dogy,  Tol.  z. 

'  Dr  Giinther  has  suggested  that  the  pores  in  the  Ganoids  may  be  useful  "for 
diflchaiging  semen  or  ova  which  have  lost  their  way  to  the  abdominal  apeiture  of 
the  oviducts."—"  Description  of  Ceratodus,"  Phil.  Trans.  1871. 
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It  is  an  equally  difficult  matter  to  draw  any  definite  conclu- 
sions as  to  the  function  of  the  pores  in  the  male  Ganoids,  until 
the  vexed  question  of  the  existence  or  non-existence  of  true  vasa 
efferentia  has  been  definitely  settled.  It  may  be  that  the  failure 
of  those  who  have  investigated  the  urinogenital  system  of 
Ganoids  to  discover  such  efferent  channels  is  really  due  to  the 
absence  of  such  structures.  If  this  be  so  the  pori  abdominales 
must  act  as  the  efferent  channels  for  the  semen. 

On  the  other  hand,  from  all  that  can  be  legitimately  inferred 
as  to  the  phylogenetic  relations  of  the  Ganoidei,  the  probability 
that  they  do  possess  proper  vasa  efferentia,  or,  at  all  events,  did 
once  possess  them,  is  exceedingly  strong.  In  existing  Elasmo- 
branchs,  in  Amphibia,  and  in  all  the  abranchiate  Vertebrata,  more 
or  fewer  of  the  anterior  segmental  organs  act  as  efferent  channels 
by  which  the  semen  is  conveyed  to  the  Wolffian  ducts,  and  it  is 
highly  probable  that  a  similar  arrangement  obtained  in  the  com- 
mon ancestors  of  existing  Ganoids  and  TeleosteL  But  it  may  be 
that  at  a  later  stage  in  the  evolution  of  the  two  last-mentioned 
groups,  the  anterior  segmental  tubuli  lost  their  connection  with 
the  tubes,  and  were  replaced  as  efferent  ducts  by  the  pori  ab- 
dominales. This  condition  has  been  permanently  retained  by 
the  majority  of  existing  Ganoids,  and  possibly  by  the  Dipnoi 
also.  At  a  still  later  stage  in  the  evolution  of  the  Teleostei  the 
Miillerian  ducts  became  continuous  with  the  investments  of  the 
generative  glands,  and  served  as  vasa  efferentia  in  the  male,  in 
addition  to  functioning  as  oviducts  in  the  female,  while  the 
poree  disappeared  or  became  mere  rudiments.  In  this  way  it 
may  have  happened,  that  while  the  Ganoids,  Mrith  the  exception 
of  Lepidosteus,  permanently  retain  the  transitional  condition  of 
the  first  of  the  two  last  stages,  Lepidosteus  and  the  great 
majority  of  the  Teleostei  exhibit  the  last  phase. 

In  the  Marsipobranchii,  in  the  female  Salmon,  and  in  the  male 
and  female  Eel,  the  abdominal  pores  are  the  only  channels  by 
which  the  generative  products  are  conveyed  outwards. 

I  agree  with  Balfour^  tn  regarding  the  abdominal  pores  as 
being  structures  perfectly  independent  of  Miillerian  ducts,  and  as 
homologous  throughout  the  various  groups  of  Yertebrata  in  which 

*  "  Origin  and  History  of  the  Urinogenital  Organs  of  Vertebrates,"  Journal  qf 
Anntainy  and  Phy9iolog\f,  vol.  x. 
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they  occur.  That  the  pores  of  the  Salmonidfle  and  Muiffinidte 
have  no  relation  to  Miillerian  ducts  is  tolerably  certain,  for 
reasons  previously  given.  That  the  Marsipobranch  pores  have 
any  relation  to  aborted  MuUerian  ducts,  as  G^egenbaor  has 
suggested,  seems  to  me  to  be  very  improbable,  though  their 
real  nature  can  only  be  understood  when  their  development  has 
been  worked  out.  Por  the  present,  at  all  events,  I  am  inclined 
to  regard  the  Lamprey  as  exhibiting  a  lower  stage  in  the  con* 
dition  of  the  urinog^nital  system  than  any  other  craniate  Yerte- 
brata— a  stage  in  which  the  primitive  undivided  segmental  dudt 
persists  as  the  efiferent  duct  of  the  segmental  tubuli,  and  pori 
abdominales  function  as  the  sole  generative  ducts. 

As  to  the  nature  of  the  abdominal  pores,  I  am  inclined  to 
agree  with  Balfour's  suggestion,^  that  they  may  represent  a 
posterior  pair  of  segmental  tubuli  Thi3  view  is  in  harmony 
with  the  following  facts : — 

(1.)  The  anatomical  relations  of  the  pores.  In  most  cases 
they  are  simple,  paired  outgrowths  of  the  body  cavity,  connect- 
ing it  with  the  exterior.  In  Vermes  a  segmental  organ  is  the 
product  of  two  distinct  factors — an  outgrowth  of  the  body  cavity, 
and  an  involution  of  the  epiblast  Two  similarly  derived  factors, 
the  peritoneal  papillae  and*  the  cloacal  pits,  are  intimately  asso- 
ciated with  abdominal  pores,  which,  in  fact,  may  be  formed  from 
either  of  them. 

(2.)  The  existence  of  postanal  segmental  tubuli  in  the  develop- 
ing shark.  A  pair  of  these  may  persist  and  form  the  abdominal 
pores. 

(3.)  The  abdominal  pores,  like  true  segmental  organs,  not 
unfrequently  open  into  the  unsplit  posterior  portions  of  the 
primitive  s^mental  ducts — as  in  the  Lamprey  and  as  in  various 
species  of  Acipenser. 

To  make  it  clear  that  the  pores  are  so  related  to  portions  of 
the  segmental  duct,  and  not  to  any  epiblastic  ingrowth,  I  will 
give  a  brief  sketch  of  the  development  of  the  cloaca.^  In  Scyl- 
lium,  the  first  indication  of  an  anus  is  the  formation  of  a  down- 
growth  of  the  primitive  alimentary  canal  in  the  region  of  the 


^  Loc  cU. 

'  Balfour,  Monograph  on  iM  DeodopyneiU  of  the  Elcumoibraiuih  Fishes. 
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future  anus,  so  that  the  former  becomes  divided  into  pre-anal 
and  post-anal  sections.  Into  this  downgrowth  or  dilatation  the 
segmental  ducts  open.  At  a  somewhat  later  stage  an  involution 
of  epiblast  takes  place,  and  by  a  perforation  is  placed  in  com- 
munication with  that  part  of  the  gut  which  receives  the  seg- 
mental ducts.  The  doacal  pits  are  csecal  involutions  of  this 
epiblastic  ingrowth.  In  the  embryo  Scylb'um  the  segmtotal 
ducts  open  separately  into  the  cloaca;  but  in  the  adult  the 
WolflBan  ducts  and  the  ureters  open  into  an  unpaired  urino- 
genital  cloaca,  which  communicates  on  the  one  hand  with  the 
general  cloaca  by  a  single  aperture  situated  at  the  apex  of  a 
papilla  just  behind  the  anus,  and,  on  the  other  hand,  with  a 
pair  of  bladders  situated  in  close  contact  with  each  other  on  the 
ventral  side  of  the  kidney.  Of  the  unpaired  urinogenital  cloaca 
and  the  bladders,  Balfour  remarks  that  it  seems  probable  that 
both  are  products  of  the  lower  extremities  of  the  Wolffian  ducts 
In  the  adult  Scyllium,  therefore,  the  cloaca  is  composed  of  (1) 
a  dilated  portion  of  the  gut ;  into  this  the  rectum  and  the  con- 
fluent portions  of  the  Wolffian  ducts  (the  unpaired  urinogenital 
cloaca)  open ;  (2)  an  involution  of  epiblast,  which  forms  the  outer 
and  hinder  compartment  of  the  cloaciL  In  relation  with  this 
second  division,  we  have  the  peritoneal  papillae  and  the  cloacal  pits. 
The  two  transversely  disposed  crescentic  ridges  that  traverse  the 
dorsal  wall  of  the  cloaca  would  appear  to  correspond  pretty 
accurately  in  position  to  the  line  of  demarcation  between  the 
epiblastic  and  hypoblastic  elements  of  the  cloaca.  Now,  in  the 
Elasmobranchs  the  pores  invariably  open  into  the  epiblastic 
portion  of  the  cloaca,  and  in  most  Ganoids,  in  Dipnoi,  and  in 
Teleostei  directly  on  the  general  epiblastic  surface  of  the 
body;  but  in  the  Marsipobranchii  quite  another  arrangement 
obtains.  In  the  Lamprey  the  rectum  and  the  single  orifice  of  the 
segmental  duct  open  into  a  groove  between  two  lateral  down- 
growths  of  the  body  wall,  and  the  abdominal  pores  open  into  a 
sinus  common  to  them  and  to  the  segmental  ducts.  I  imagine 
that  this  sinus  corresponds  to  the  unpaired  urinogenital  cloaca, 
and,  like  it,  is  a  product  of  the  segmental  ducts.  Hence,  in 
the  Lamprey  the  pori  abdominales  agree  with  true  segmental 
tubuli  in  opening  into  the  segmental  ducts.  Finally,  in  the 
species  of  Acipenser  previously  referred  to  there  is  a  similar 
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urinogenital  cloaca  which  receives  the  ureters  and  Mtillerian 
ducts,  a  certain  number  of  the  hindermost  s^^ental  tubuli,  and, 
still  more  posteriorly,  the  pori  abdominales.  In  the  Lapiprey  and 
in  these  Sturgeons  the  pores  behave  exactly  like  proper  segmental 
organs. 

The  presence  of  pori  abdominales  in  various  forms,  and  often 
as  functionless  structures,  in  such  widely  diverse  groups  as  the 
Marsipobranchii,  Elasmobranchii,  Ganoidei,  Teleostei,  Dipnoi 
amongst  the  Ichthyopsida,  and  Chelonia  and  Crocodilia  among 
Sauropsida,  is  clear  evidence  of  their  great  antiquity  and  primi- 
tive functional  importance.  The  key  to  their  original  function  in 
the  primitive  Yertebrata  is,I  imagine, to  be  found  in  their  condition 
and  in  their  relations  to  the  generative  organs,  and  to  the  segmental 
ducts  in  the  first-mentioned  of  these  groups.  In  the  Lamprey  the 
pores  resemble  the  other  segmental  tubuU  in  essential  relations ; 
they  are  diverticula  of  the  body  cavity  and  open  into  the  segmental 
duct,  but  differ  from  them,  however,  in  being  simpler  in  structure, 
and  in  not  possessing  a  glandular  segment  This  simplicity  is  to 
be  accounted  for  by  their  functions  in  both  sexes  as  efferent  gener- 
ative ducts.  I  would  therefore  regard  them  as  a  pair  of  posterior 
s^mental  organs,  specialised  in  the  primitive  Yertebrata  to  the 
function  of  conveying  the  generative  products  to  the  segmental 
duct,  and  so  outwards.  This  primitive  condition  has  been  per- 
manently retained  by  the  Lamprey.  Eventually,  in  the  higher 
forms,  they  were  superseded  by  the  MuUerian  duct  in  the  female, 
and  by  certain  anterior  segmental  organs  and  the  Wolffian  duct 
in  the  male  (Elasmobranchii,  Amphibia,  &c.),  or  by  Mullerian 
ducts  in  both  sexes  (Teleostei).  Nevertheless,  in  several  of 
these  groups  we  met  with  exceptional  reversions  to  the  pri- 
mitive type.  In  osseous  Fishes  (Eel  and  Salmon),  atrophy  of 
the  proper  generative  ducts  is  followed  by  renewed  functioning 
of  the  pores ;  and  it  may  be  that,  from  a  similar  cause,  the 
Ganoids  also,  while  representing  a  transitional  stage  in  the 
evolution  of  the  Teleostean  type  from  the  Selachioid  type 
of  the  urinogenital  system,  are  dependent  upon  their  pori 
abdominales  for  the  escape  of  their  sexual  products.^ 

'  Gegenbaor,  in  his  GfrundzUge  der  Vergleichefnden  AnaiovvUy  has,  I  find, 
anticipated  my  suggestion  that  the  pori  abdominales  were  probably  the  sole 
efferent  channels  lot  the  geneiative  products  in  the  primitive  Vertebrata. 
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PLATE  AND  EXPLANATION. 


I.  Scyllium  canicuU. 


II.  Mastelus  vulgaris. 


III.  Trygon. 
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VI.  Amia  calya. 
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\y  Scyllium  cauicula. 
II.  Mustelus  vulgaris. 

III.  Trygon. 

IV.  Raia. 

V.  Torpedo. 
VI.  Amia  calva. 
VII.  Ceratodus  fosteri. 


IV.  Raia. 


V.  Torpedo. 


VP 
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VII.  Ceratodua  fofitev. 


A.  Anus. 

od.  Oviduct 

ug,  Urinogenital  orifice. 

ap,  Crescentic  septum. 
pp.  Peritoneal  papillae. 

cp,   Cloacal  pits. 

p.    Fori  abdominales. 
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ON  THE  POBI  ABDOMINALES  IN  SOME  SHARKS. 

By  Professor  Turner,  M.B.,  RRS. 

Professor  Bridge  having  in  the  immediately  preceding  paper 
on  the  Pori  Abdominales  of  Yertebrata  referred  to  some  observa- 
tions of  mine  on  these  openings  in  the  Greenland  and  Spiny 
Sharks,  I  may  take  this  opportunity  of  extracting  from  my 
note-book  some  additional  observations  which  I  have  made  on 
these  orifices  in  some  other  Elasmobranchs. 

Scyllium  caniciUa. — In  September  1873, 1  obtained  from  the 
fisherman's  nets  in  Loch  Qoil  a  specimen  of  this  shark.  Whilst 
handling  it  an  egg,  in  its  homy  case,  slipped  out  of  one  of  the 
genital  orifices,  and  a  second  case  partially  protruded.  I  care- 
fully removed  all  the  genital  organs  with  the  cloaca,  and  placed 
them  in  the  Anatomical  Museum  of  the  University.  The  cloacal 
region  presented  the  following  arrangement : — ^The  rectum  opened 
into  the  anterior  part  of  the  cloaca  Behind  it  were  the  large 
openings  of  the  two  oviducts.  Behind  the  oviducts  was  a 
crescentic  fold,  such  as  Prof.  Bridge  has  described  as  the  cres- 
centic  septum.  Posterior  to  that  were  two  short  papill£9,  one  on 
each  side  of  the  middle  line.  At  the  summit  of  each  papilla 
was  an  orifice,  into  which  a  bristle  could  easily  be  passed  into  a 
funnel-shaped  prolongation  of  the  peritoneal  cavity  situated 
at  the  side  of  the  rectum.  These  orifices  were  therefore  true 
abdominal  pores.  At  the  base  of  each  papilla,  and  situated 
more  especially  at  its  outer  border,  was  a  shallow  pouch-like 
depression  of  the  wall  of  the  cloaca. 

This  specimen  diflfered,  therefore,  from  the  one  described  by 
Prof.  Bridge,  in  which  the  papillae  were  imperforate.  It  must  be 
noted  that  his  was  a  male,  mine  a  gravid  female,  and  the  differ- 
ence in  the  condition  of  the  peritoneal  papillae  may  be,  as  he  has 
surmised  in  Acanthias  vulgaris,  an  effect  of  the  sexual  condition. 

Acanthias  vulgaris. — ^At  the  same  time  and  place  I  obtained 
several  specimens  of  this  shark,  five  of  which  I  preserved.  In 
two  females  a  pair  of  abdominal  pores  opened  with  slit-like 
orifices,  and  without  papillae,  into  the  posterior  part  of  the 
cloaca,  whilst  the  oviducts,  urinary  papilla,  and  anus  were 
situated  anteriorly.  In  two  males  the  pores  also  opened  by 
slit-like  orifices;  but  in  a  third  male  only  the  left  pore  was 
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patent,  the  right  being  closed  up  by  a  thin  semi-translucent 
membrane.  A  fold  of  the  membranous  wall  of  the  cloaca  marked 
the  anterior  boundary  of  the  pore  in  each  of  these  sharks. 

Lamna  comvhica, — In  November  1878  I  purchased  a  male 
Porbeagle,  7  ft.  1  in.  long.  The  cloaca  was  large,  with  the  anus 
opening  into  it  anteriorly.  Posterior  to  this  orifice,  and  in  the 
mesial  plane,  was  a  large  conical  urino-genital  papilla  1^  in. 
long.  Posterior  and  lateral  to  this  papilla  were  the  two  peri- 
toneal papillae,  each  of  which  projected  f  in.  from  the  wall  of 
the  cloaca.  Each  papilla  was  perforated  at  the  apex  by  an 
abdominal  pore,  communicating  through  a  canal  in  the  axis  of 
the  papilla  with  a  funnel-shaped  prolongation  of  the  peritoneal 
cavity  at  the  side  of  the  rectum. 

In  a  female  Porbeagle,  purchased  in  1874,  which  measured 
8  ft.  5^  in.  in  length,  the  papillae  for  the  abdominal  pores  were 
about  ^-inch  long,  but  the  pores  readily  admitted  a  porcupine 
quill  into  the  peritoneal  cavity.  This  female  has  already  been 
referred  to  by  me  in  this  Journal,  May  1875,  as  having  afforded 
a  demonstration  of  the  presence  of  a  pair  of  spiracles  in  the 
head,  a  point  in  its  anatomy  which  has  frequently  been  disputed. 
In  the  large  male  Porbeagle,  above  referred  to,  I  also  recognised 
on  each  side  of  the  head,  3^  in.  behind  the  eyeball,  a  minute 
spiracular  orifice.  It  was  almost  on  a  line  with  the  upper 
border  of  the  orbit,  and  immediately  in  front  of  a  vertical  line 
drawn  upwards  from  the  angle  of  the  mouth.  A  bristle  was 
passed  through  each  of  these  openings  into  the  cavity  of  the 
mouth.  The  presence  of  spiracles  in  the  Porbeagle  may  there- 
fore, I  think,  be  regarded  as  established. 

CarcJiarias,  Sp.  (?) — Two  female  embryoes,  each  9f  in.  long. 
In  the  posterior  part  of  the  cloaca  of  each  specimen  was  a  pair 
of  minute  papillae.  When  examined  with  a  pocket  lens  each 
seemed  as  if  it  had  a  minute  orifice  at  the  summit.  But  when 
a  syringe  was  introduced  into  the  abdominal  cavity  and  fiiuid 
injected  backwards,  none  escaped  from  the  apices  of  the  papillae. 
These  structures  were  imperforate,  therefore,  and  the  appearance 
of  a  pore  was  in  all  probability  due  to  the  thinness  of  the  tegu- 
mentary  covering  of  the  apex  of  the  papUla,  marking  the  spot 
where  most  likely  an  opening  would  have  formed  at  a  more 
advanced  stage  of  development. 
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A  DESCRIPTION  OF  A  CLEFT  STERNUM. 
By  Professor  Turnek,  M.B.,  F.RS. 

The  excellent  account  by  Drs  Gibson  and  Malet  of  the  very 
interesting  case  of  cleft  sternum,  observed  by  them  in  a  living 
man,  which  forms  the  first  article  in  the  present  number  of  this 
Joumaif  induces  me  to  figure  and  describe  a  cleft  sternum  pre- 
served in  the  Anatomical  Museum  of  the  University  of  Edin- 
burgh. 

This  specimen  was  obtained  by  the  late  Professor  Hughes 
Bennett  from  the  body  of  a  woman  who  died  many  years  ago  in 
the  Edinburgh  Royal  Infirmary.  The  deformity  had  not  been 
observed  during  life.  The  specimen  was  shown  by  Dr  Bennett 
to  the  Physiological  Society  of  Edinbuigh,  July  11,  1851,^  and 
the  late  Mr  Zaglas  was  appointed  to  report  on  the  case.  So  far 
as  I  can  ascertain,  no  description  of  the  specimen  waa,  however, 
published.  When  Herr  Oroux  visited  Edinburgh  in  1857,  the 
specimen,  which  corresponded  so  closely  to  the  condition  of  his 
own  sternum,  was  shown  to  and  examined  by  him  with  much 
interest,  and  some  account  of  the  preparation  was,  I  believe, 
written  at  that  time  by  Dr  Bennett  in  the  album  in  the  possession 
of  Herr  Groux,  in  which  so  many  physicians  had  recorded  their 
opinions  regarding  his  case.' 

The  sternum  was  completely  divided  into  two  lateral  halves, 
each  of  which  articulated  ^vith  a  clavicle  and  with  the  cartilages  of 
the  seven  true  ribs.  Eacli  half  of  the  sternum  was  sub-divided 
into  a  prsa-,  a  meso-,  and  a  ziphi-stemum.  The  ziphi-stemum 
was  cartilaginous,  but  the  other  segments  were  ossified,  though  the 
articulation  of  the  prse-stemum  with  the  meso-stemum  was  not 
converted  into  bone.  The  two  lateral  halves  were  each  4| 
inches  long,  and  of  almost  the  same  shape  and  size.  The  two 
prse-stema  and  meso-stema  were  separated  by  a  wide  gap,  but 

*  Mdinburgh  Medical  J&umal,  Oct  1851,  p.  895. 

'  Herr  Grouz  eztaracted  from  hU  album,  and  published  in  1857,  under  the  title 
•f  Abhandlungen  und  Notizen  vJber  E.  A,  Oroiix*8  Fisaura  stemi  congenita^  Ham- 
burg, a  number  of  descriptionB  and  observations  on  his  case,  drawn  up  by  eminent 
physidaas  both  on  the  Continent  and  in  England,  but  this  publication  does  not 
include  a  notice  of  the  specimen  abore  described. 
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opposite  the  articulatious  of  the  4th  pair  of  cost^  cartilages  the 
two  meSo-sterna  began  to  incline  inwards  towards  the  mesial 
I^ne,  and  on  a  line  with  the  7th  pair  of  coBto-stemal  joipta  they 
articulated  with  each  other  mesially.  The  articular  surfaces 
were  coated  with  encrusting  cartilage,  and  were  retained  in 
contact  by  a  capsular  ligament  hned  by  synovial  membrane. 
In  the  figure  the  ligament  is  represented  as  cut  through,  bo  as 
to  show  the  cavity  of  the  joint. 


When  the  two  halves  of  the  sternum  were  drawn  roost  widely 
asunder,  the  interval  between  them  was  2J  inches  at  its  widest 
part,  opposite  the  two  halves  of  the  manubrium,  and  heretiie  gap 
was  not  filled  up  by  any  membrane ;  but  at  and  below  a  line  on 
a.  level  with  the  2nd  pair  of  costal  cartilages  a  strong  fibrous 
membmne  filled  up  the  interval.     This  membrane  was  attached 
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laterally  to  tlie  inner  border  of  each  half  of  the  stemam,  where  it 
was  contmuous  with  the  periosteum.  Below  it  was  continnona 
with  the  ligament  enclosing  the  inter-sternal  joint  already 
described,  whilst  above  it  terminated  in  a  well-defined  free 
border. 

In  this  specimen  the  division  of  the  sternum  is  apparently 
more  complete  than  in  Drs  Gibson  and  Malef  s  case,  in  which 
the  two  halves  of  the  bone  are  described  as  meeting  in  osseous 
union  at  the  level  of  the  upper  surface  of  the  4di  rib. 

Complete  or  partial  fissures  of  the  sternum,  associated  with  a 
perfect  development  of  the  tegumentary  covering  of  the  ventral 
aspect  of  the  thoracic  wall  (and  which  are  to  be  distinguished 
therefore  from  those  cases  of  imperfect  development  of  the 
ventral  wall  of  the  chest  in  which  there  is  ectopia  cordis),  are 
not  so  uncommon  as  might  at  first  sight  be  supposed.  For  in 
addition  to  Herr  Groux's  well-known  case,  to  the  oases  recorded 
by  Skoda,  Wittstock,  and  Cullerier,  quoted  by  Dr  Allen  Thom- 
son in  his  description  of  Groux's  case,^  and  to  those  described  in 
this  number  of  the  Journal,  other  cases  have  been  recorded. 

Forster  figures  and  describes'  a  preparation  in  the  Pathological 
Museum  at  Gottingen,  taken  from  a  boy,  aged  six,  in  which  the 
two  halves  of  the  sternum,  though  widely  separated  above, 
become  fused  together  opposite  the  4th  intercostal  space.  Each 
half  of  the  bone  is  for  the  most  part  ossified,  and  undivided 
into  a  pr»-8temum  and  meso-stemum ;  but  the  ziphi-stemum  is 
divided  into  two  lateral  halves.  The  inner  ends  of  the  costal 
cartilages  blend  directly  with  the  sternum,  and  are  not  jointed 
with  it  by  articular  surfaces.  The  interval  between  the  two 
halves  of  the  bone  is  occupied  by  a  strong  fibrous  membrane. 

Dr  Obermeier  has  also  described  and  figured  an  example^  in 
a  man,  aged  twenty-three,  which  he  observed  in  the  Chaiit^, 
Berlin.  This  case  bears  a  strong  resemblance  to  that  of  Drs 
Gibson  and  Malet  The  interval  between  the  two  halves  of  the 
bone  is  wide  above,  but  they  become  continuous  with  each  other 
ahnost  on  a  level  with  the  upper  border  of  the  4th  pair  of 
costo-stemal  joints.    The  inner  borders  of  the  two  halves  of  the 

^  Olasgow  Medical  Journal^  April,  1858,  p.  48. 

*  Die  Miaabildwngen  des  Meiiseheriy  plate  zviii.  fig.  1,  p.  104,  Jena,  1865. 

'  Vipchow's  Arehiv,  xlvi.  p.  209,  plate  viii.,  1869. 
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sternum,  together  with  the  upper  border  of  the  body  of  the  bone, 
after  the  junction  of  the  two  halves,  have  a  lyre-formed  figure. 
It  is  also  very  interesting  to  observe  that  in  Obermeier's  case  a 
mesial  fold  of  integument,  resembling  that  seen  in  Drs  Gibson 
and  Malet's  example,  extended  upwards  from  the  umbilical 
region  towards  the  ziphi-stemum. 

In  addition  to  these  cases  already  recorded,  I  may  mention 
that  my  colleague.  Professor  Douglas  Maclagan,  had  under  his 
care,  some  years  ago,  a  middle-aged  woman  in  whom  the  sternum 
was  cleft  in  the  greater  part  of  its  length,  and  the  two  halves 
were  separated  from  each  other  by  a  well-marked  depression. 
No  account  of  this  case  has  yet  been  published. 
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THE  PHYSIOLOGICAL  ACTION  OF  OZONISED  AIR 
By  John  Barlow,  M.D.,  CM.,  M.RC.S.E.,  Muirhead 
Demonstrator  of  Physiology  in  the  University  of  Glasgow 
(Plates  V.  and  VL/. 

Since    the  year    1867,  when    Professor  Andrews  established 
clearly  the  identity  of  a  substance  in  the  atmosphere  which 
decomposed  a  solution  of  the  iodide  of  potassium,  with  ozone,  a 
great  amount  of  time  and  attention  have  been  paid  to  this 
subject.     Attempts  have  been  made  by  numerous  observers  to 
find  out  what  connection,  if  any,  exists  between  the  presence  of 
ozone  in  large  quantities  in  the  atmosphere  and  the  occurrence 
of  epidemics  of  catarrh  and  influenza,  and  between  a  diminished 
quantity  of  ozone  and  the  prevalence  of  epidemics  of  cholera. 
Along  with  these  investigations,  which  were  mainly  conducted 
by  those  in  charge  of  the  various  meteorological  stations,  there 
have  been  others  in  which  attempts  have  been  made  to  observe 
the  effect  of  ozone,  artificially  prepared,  upon  living  animals, 
and  from  the  results  observed  to  state  what  would  probably  be 
the  effect  of  the  atmospheric  ozone  upon  the  health  of  individuals 
and  conomunities. 

Dr  Ireland'  appears  to  have  been  the  first  to  publish  in 
detail  the  results  of  experiments  upon  animals  with  ozone. 

He  prepared  the  ozone  by  mixing  in  a  vessel  two  parts  of  powdered 
hjpermanganate  of  potash  with  three  parts  by  weight  of  strong 
sulphuric  acid.  This  vessel  had  two  tubes  connected  with  it :  one  of 
these  was  in  connection  with  a  pair  of  bellows,  the  other  with  a 
Wolfs  bottle  filled  with  water.  The  Wolffs  bottle  was  in  communi- 
cation with  a  glass  vessel,  the  mouth  of  which  was  inverted  over  a 
plate  containing  hot  water.  Into  this  glass  vessel,  the  animal  to  be 
experimented  upon  was  introduced.  By  this  arrangement  the  gas 
given  off  from  the  hjpermanganate  was  forced,  along  with  air,  through 
water,  through  the  flask  filled  with  water,  and  into  the  vessel  in  which 
the  animal  was  contained.  *'  The  water  was  used,"  he  says,  '*  for  the 
purification  of  the  ozone." 

In  his  experiments  upon  mice,  he  noted  quickening  of  respiration 
from  the  first      There  was  always    excitement;    death,   when    it 

^  From  the  Physiology  Laboratory  of  the  UniTersity  of  Glasgow. 
*  Edinburgh  Med,  Journal,  yol.  viii.,  1862-1868,  page  729. 
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oocurred,  was  caused  by  exhatutioiL  In  examining  past  mortem  the 
mice  which  died,  he  found  the  venous  blood  to  be  lighter  in  colour 
than  usual — ^and  in  one  mouse  the  lungs  slightly  congested.  A  rabbit 
was  placed  in  a  hermetically  sealed  box  haying  two  litde  glass  windows. 
This  box  communicated  with  the  f^ask  containing  waten  He  found 
that  the  respiration  was  accelerated  exactly  one-third.  There  was  no 
excitement  observable.  The  temperature  was  lowered;  before  the 
experiment  36"  C,  afterwards  31^  When  let  out,  the  surface  was 
warm,  and  it  began  to  eat  food.  Another  rabbit  was  introduced 
into  the  same  box,  and  kept  in  it  for  four  houra  A  larger  quantity 
of  hypermanganate  was  employed.  Respiration  accelerated.  No  ex- 
citement^ save  a  little  towaids  the  end.  He  notes  also  that  the  animal 
did  not  suffer  much  uneasiness.  When  removed  from  box,  the  animal 
was  dull  and  exhausted,  but  able  to  walk.  It  was  then  killed,  and 
thorax  immediately  opened.  The  heart  was  found  to  be  beating,  and 
the  blood  coagulated  instantaneoiisly  in  the  pericardium  when  the  aorta 
was  cut  The  arterial  and  venous  blood  preserved  their  distinctive 
hues — ^perhaps  venous  blood  was  a  little 'redder  than  usuaL 

Portions  of  blood,  brain,  lungs,  liver,  &c.  were  tried  with  Schonbein's 
and  Houzeau's  tests,  but  no  ozone  detected  except  in  lungs.  ''  These," 
he  says,  '^  resemble  the  results  of  the  exposure  of  animals  to  oxygen 
gas,  which,  however,  is  described  as  bringing  on  comatose  symptoms. 
These  experiments  were  performed  most  carefully,  and  all  sources 
of  complication  avoided  as  carefully  as  possible ;  and  as  I  felt  satisfied 
of  their  correctness,  I  saw  no  reason  to  sacrifice  the  lives  of  more 
animals  by  repeating  them." 

He  concludes  that — 1.  Ozonised  air  accelerates  the  respiration, 
and  we  may  infer,  the  circulation.  2.  Ozonised  air  excites  the 
nervous  system.  3.  Ozonised  air  promotes  the  coagulation  of 
the  blood,  probably  by  increasing  its  fibrin.  lu  the  blood,  how- 
ever, ozone  loses  its  peciQiar  properties,  probably  entering  into 
some  of  the  constituents  of  the  circulating  fluid.  4.  Animals 
can  be  subjected  to  the  influence  of  a  considerable  proportion  of 
ozone  in  the  air  for  hours  without  permanent  injury ;  but  in  the 
end,  ozone  produces  effects  which  may  continue  after  its  with- 
drawal, and  destroy  life. 

Dr  Richardson  (Brit  Assoc.  Report^  1865)  states  that  the  inhala- 
tion of  air  highly  charged  with  ozone  produces  irritation  of  mucous 
membrane  of  nostril,  throat,  and  even  congestion  of  lungs. 

Dr  Schwartzenbach  found  that  death  was  produced  in  a  rabbit  in 
two  hours  after  breathing  air  mixed  with  only  ^^^  of  its  weight  of 
ozone. 

Dr  Redf em  of  Belfast  has  experimented  with  ozonised  oxygen.  He 
finds  that  the  respiration  for  a  very  short  time  of  oxygen  containing 
about  the  ^f^  part  of  ozone  is  certainly  fatal  to  all  animals.     Death 
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is  not  due  to  cloeuie  of  the  glottis^  for  it  occurs  when  a  large  opening 
has  been  made  in  the  tiachea.  "It  causes  death  by  producing 
intense  congestion  of  the  lungs,  with  emphysema,  and  distension  of 
the  right  side  of  the  heart  with  fluid  or  coagulated  blood.  If  ozone 
be  respired  in  a  dilute  form,  the  animals  become  drowsy  and  die 
qoietly  fieom  cOma,  the  condition  of  the  lungs  and  heart  being  the 
same,  except  that  the  emphysema  is  less  marked. 

Dewar  and  M*Kendrick  {Proc,  Roy.  Society^  1873-74)  experimented 
with  ozonised  air  and  ozonised  oxygen  upon  frogs,  birds,  mice,  rabbits, 
and  on  themselves.  With  frogs,  the  most  marked  symptom  was  the 
diminution  in  the  frequency  of  respiration.  A  fiog,  which  was 
breathing  96  times  per  minute  in  ordinary  air,  breathed  only  8  times 
after  being  exposed  for  half  a  minute  to  the  influence  of  ozonised  air. 
At  the  end  of  6  minutes,  the  animal  was  quite  motionless,  and  the 
respiratory  movements  had  entirely  ceased.  Eight  minutes  after  the 
introduction  of  pure  air,  the  respirations  numbered  eighty-five  per 
minute. 

With  birds,  the  same  diminution  in  the  frequency  of  respiration 
was  noted  A  linnet  died  after  exposure  for  fifteen  and  a  half 
minntea  A  pod  mortem  examination  showed  congestion  of  viscera — 
lungs  of  a  dark  purple  colour  and  mottled — the  heart  pulsated  feebly 
after  systemic  death,  and  was  filled  with  venous  blood.  The  blood 
corpuscles,  examined  microscopically,  were  normal 

With  rabbits,  there  was  also  a  dimiaution  in  the  frequency  of 
respiration  (from  100  or  110  to  from  36  to  30  respirations  per  minute.) 

Dr  Day  {Address  on  Ozone^  1878)  publishes  the  restdt  of  experi- 
ments upon  animals  which  were  made  to  breath  ozonised  air,  "  the 
oxygen  in  the  air  having  been  ozonised  to  the  twelfth  part"  He 
noticed  fir^  irritation  of  nose  and  conjunctiva,  free  secretion  of  saliva, 
and  profuse  sweating.  ''  There  was  also  thirst  and  diyness  of  tongue 
and  nostrils."  These  symptoms  were  succeeded  by  great  rapidity  of 
respirationy  and  soon  by  violent  action  of  the  heart.  Death  ocQurs 
from  bronchitis  or  from  pneumonia. 

From  these  experiments  it  vdll  be  seen  that  there  is  a  differ- 
ence of  opinion  as  to  the  effects  produced  by  the  breathing  of 
ozone.  Some  regard  it  as  a  gas  which  may  be  breathed  in  con- 
siderable quantities  without  producing  any  permanent  injury ; 
others,  as  a  gas  which  produces  marked  symptoms,  and  even 
death.  Among  the  latter  class  of  observers,  there  is  a  difference 
of  opinion  as  to  the  cause  of  death — whether  due  to  asphyxia  or 
to  bronchitis,  or  to  some  special  action  on  the  blood  and  nervous 
system — and  also  as  to  the  effect  of  breathing  ozone  upon  the 
character  and  frequency  of  respiration.  Influenced  by  these 
discrepancies,  I  determined  to  repeat  and  modify  some  of  the 
experiments  with  ozone.  The  necessity  for  precise  information 
as  regards  its  action  is  at  present  very  pressing.    During  the 
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last  few  years  the  inhalation  of  ozone  has  been  reconunended  as 
a  plan  of  treatment  in  diseases  supposed  to  be  due  to  a  deficiency 
of  oxygen.  Lender  (Tardieu,  Did,  of  Hygiene)  has  not  only 
recommended  it  in  the  form  of  inhalation  in  tuberculosis,  rheu- 
matism, and  asthma,  but  has  established  an  ozone  manufactory 
in  order  to  have  a  large  quantity  of  it  constantly  at  his  service. 
The  ozone  used  in  the  experiments  was  generated  in  the  cheap 
and  simple  ozoniser  recommended  by  Sir  B.  Brodie.  A  reference 
to  Plate  V.  shows  its  construction  at  once. 

It  consists  of  a  tube  B,  about  H  inches  long,  having  a  smaller  tube 
hy  in  communication  with  its  side,  and  another  tube  c,  communicating 
with  its  bottom.  Within  the  tube  B  is  placed  a  second  tube  a, 
having  near  the  top  a  slight  shoulder  blown  upon  it — ^the  object  of 
the  shoulder  being  to  rest  upon  the  mouth  of  tube  B.  At  this  point 
of  contact  of  the  two  tubes  b  and  a,  a  thick  coating  of  paraffin  is 
placed,  so  that  between  b  and  a  we  have  a. space,  communicating  on 
the  bottom  with  tube  c,  and  at  the  side  with  tube  h.  Within  tube 
A  is  placed  water,  and  a  wire  communicating  with  the  induction  coil, 
and  outside  b  we  have  a  vessel  of  water  containing  the  second  wire 
from  the  induction  machina  The  ozone  is  formed,  by  thjB  9ileifd  dis- 
charge of  electricity,  from  the  oxygen  of  the  air  as  the  air  traverses  the 
space  between  tubes  b  and  a.  The  air,  before  it  reaches  the  ozomser, 
is  thoroughly  dried  by  passing  through  vessels  c,  o',  containing  HjSO^ 
and  glass  moistened  with  H28O4,  and  through  n,  containing  sticks  of 
KHO  and  solution  of  KHO,  and  d'  containing  glass  moistened  with 
solution  of  KHO.  After  the  air  passes  through  the  ozoniser  it  is 
again  purified  by  passing  through  a  tube-bulb  containing  KHO  (r). 
This  is  attached  to  tube  b  on  the  one  hand,  and  to  the  entrance  tube 
of  the  box  in  which  the  animal  to  be  experimented  upon  is  placed, 
the  object  being  to  absorb  the  small  quantity  of  nitrous  acid  which  is 
formed  along  with  ozone  by  the  electrolysis  of  atmospheric  air. 

The  box  in  which  the  animal  is  placed  is  seen  in  Plate  V.  The 
front  and  back  of  the  box  is  made  of  glass.  Two  tubes  open  into 
the  centre  of  each  end,  the  one  (d)  for  the  entrance  of  ozonised 
air,  the  other  (e)  for  the  escape  of  air  from  the  box.  At  the  top  of 
the  box  there  is  the  opening  through  which  the  animal  is  introduced 
into  the  interior.  This  opening  is  closed,  and  the  box  rendered  air- 
tight after  its  introduction,  (1)  by  a  sheet  of  thick  india-rubber,  having 
holes  which  pass  over  eight  screws  which  surround  the  opening  into 
the  box ;  and  (2)  by  a  heavy  brass  plate  /,  having  holes  in  the  same 
positions.  The  brass  plate  and  the  indiarrubber  sheet  are  firmly 
brought  into  contact  with  the  box  by  means  of  the  eight  nuts  seen  in 
the  figure. 

The  arrangement  for  forcing  air  through  the  drying  tubes,  the 
ozoniser,  and  the  box,  is  seen  diagramatically.  The  only  explanation 
of  this  arrangement  which  is  necessary  is  that  the  portions  of  the 
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tubes  ivhich  are  black  are  composed  of  india-rubber  tubing,  and  that 

ff .  9f  9>  9y  9y  9  are  clips. 

Before  reversing  the  positions  of  the  bottles  o  and  h  we  require  to 
place  the  clips  which,  in  the  diagram  surround  glass  tubing,  upon  the 
indiarrubber  tubing,  and  to  place  those  which  in  the  diagram  constrict 
indiarrubber  tubing,  upon  glass  tubing.  Upon  reversing  the  bottles 
fresh  air  is  again  forced  through  the  ozoniser  bj  the  descent  of  the 
water  from  tiie  upper  to  the  lower  bottle.  Knowing  the  amount  of 
water  in  the  upper  bottle  we  know  how  much  air  must  be  forced  from 
the  lower  botUe,  to  make  room  for  it  In  the  experiments  there  were 
3  litres  of  water  in  the  bottles.  Six  of  Bunsen's  elements  were  em- 
ployed to  work  a  powerful  induction  machine. 

A  few  experiments  were  made  with  frogs,  to  notice  the  symp- 
toms produced  by  the  ozonised  air,  and  more  particularly  the 
efifect  of  breathing  such  air  upon  the  frequency'  of  respiration. 
The  effect  produced  was  that  described  by  Dewar  and  M'Ken- 
drick,  as  regards  the  irritating  action  of  the  air  upon  the  eyes 
and  nose.  The  frog  rubbed  its  nose  frequently^  the  eyes  were 
closed,  and  the  animal  changed  its  position  frequently.  The 
effect  upon  the  number  of  respirations  was  well  marked.  They 
were  reduced  from  100  to  20  per  minute.  After  breathing  the 
gas  for  ten  minutes  respiratory  movements  seemed  to  cease ;  but 
on  closer  inspection,  there  was  seen  to  be  slight  swelling  and 
flattening  of  the  throat  taking  place  with  long  and  regular  inter- 
vals. I  never  succeeded  in  killing  a  frog  during  the  experi- 
ment, nor  did  I  ever  notice  that  the  respiratory  movements 
ceased  entirely.  Upon  removing  frogs  from  the  chamber  in 
which  they  had  been  exposed  for  half-an-hour  to  the  action  of 
ozonised  air,  they  were  found  to  be  in  a  stupid  condition,  re- 
sponding slowly  to  a  stimulus.  They  however  recovered  quickly, 
and  no  bad  after  effects  were  noticed. 

Babbits  were  introduced  into  the  air-tight  box  first  to  note 
the  general  effect  of  breathing  ozonised  air.  The  air  was  sup- 
plied to  them  at  the  rate  of  1  litre  in  2\  minutes. 

Experiment  I, — December  5, 1878. 

A  strong  adult  rabbit,  weighing  1960  gram.;  introduced  into  box 
at  7.43  P.M.,  and  air  admitted.  7.47  p.m.,  respirations  160  per  minute, 
r^^ular.  Induction  machine  set  in  action  7.50  p.m.,  ozone  apparent 
at  exit-tube,  but  in  small  quantities;  respirations  160,  irregular.  7.53 
P.M.,  respirations  120.  7.56  p.m.,' respirations  80;  animal  has  rubbed 
its  nose  several  times.     8  p.m.,  respirations  70.     8.4  p.m.,  respirations 
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65 ;  irritation  of  nose  continuee ;  animal  qniet^  with  head  low.  8.8 
p.iL,  respirations  45.  8.12  p.m.,  respirations  42.  8.16  p.il,  respira- 
tions 40.  8.20  P.M.,  respirations  3Q ;  sneezing.  8.24  p.m.,  respirations 
35,  but  not  so  deep  as  before.  8.30  p.m.,  respirations  35 ;  the  animal, 
except  when  robbing  its  nose  and  sneezing,  has  been  quiet.  8.35  p.m«, 
induction  machine  stopped  and  air  supplied,  8.37  p.m.,  respirationa  40, 
very  deep.  8.40  p.m.,  respirations  40,  deep  and  regular.  8.46  p.m., 
removed  from  box.  8.52  p.m.,  respirations  90.  9  p.m.,  respirations 
150.  When  the  case  was  opened,  touching  the  animal  did  not  caiise 
it  to  move ;  pupils  presented  their  normal  appearanca  No  indications 
of  pain  during  experiment  beyond  irritation  of  nose. — ^December  7. 
Kabbit  dead  this  morning.  Poet-mortem  examination  showed  conges- 
tion of  lower  lobe  of  right  lung ;  bronchi  contains  mucus. 

Experiment  II. — December  9. 

Kabbit  in  poor  condition,  and  weighing  1420  gram. ;  introduced 
into  box  at  11.30  a.m.  11.34  a.m.,  respirations  140;  induction 
machine  worked.  1 1 .  42  a.  m.  ,  sneezing.  1 1 .  45  A.M.,  respirations  1 02 ; 
sneezing,  and  movements  resembling  ^*  retching."  11.48  A.M.,  respira- 
tions irregular.  12.1  p.m.,  animal  very  restless,  turning  round  in  box 
frequently,  and  keeping  its  nose  near  the  top  of  the  box.  12.4  p.m., 
respirations  90.  12.7  p.m.,  respirations  85.  12.10  p.m.,  respirations 
75.  12.14  P.M.,  animal  since  last  note  has  been  blocking  up  entrance 
tube,  and  thus  preventing,  to  a  certain  extent,  the  entrance  of  the 
ozonised  air;  respirations  90.  12.18  p.m.,  has  moved  its  position. 
12.22  P.M.,  respirations  70.  12.26  p.m.,  respirations  65.  12.30  p.m., 
respirations  60.  12.31  p.m.,  induction  machine  stopped  and  air  ad- 
mitted. 12.33  P.M.,  respirations  80.  12.35  p.m.,  respirations  90. 
12.40  P.M.,  animal  removed  from  box ;  does  not  respond  to  any  irrita- 
tion applied  to  tail ;  weakness  of  extremities.  The  animal  b^n  to 
move  about  in  two  minutes,  but  it  was  very  tremulous.  12.50  p.m., 
respirations  120,  and  the  animal  appaientiy  all  right. — December  10. 
Animal  found  dead  this  morning.  Postmortem  examination  showed 
deeply  congested  lungs  but  no  consolidation. 

Other  experiments  were  made  with  rabbits^  but  the  general 
resulte  were  the  same  as  those  given  in  Experiments  L  and  IL 
It  was  noted  that  in  some  cases  the  diminution  in  the  number 
of  respirations  was  followed  by  a  slight  increase,  but  this  increase 
was  never  so  great  as  tomakethenumierofreynrations  of  ozonised 
air  equal  to  that  of  breathing  ordinary  air.  This  increase  occurred 
at  varying  periods  from  the  commencement  of  the  experiment, 
the  time  of  its  occurrence  being  influenced  apparently  by  the 
amount  of  ozone  present.  The  greater  the  amount  of  ozone,  the 
sooner  this  alteration  in  the  frequency  of  respiration  occurred. 

The  symptoms  observed  in  these  experiments  differ  widely 
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from  those  observed  by  Dr  Ireland.  After  considering  his 
method  of  generating  ozone,  and  the  means  he  employed  to  con- 
duct that  ozone  to  the  animal,  I  am  strongly  of  opinion  that,  in 
the  experiments  described  by  Dr  Ireland,  the  animal  was 
breathing  an  atmosphere  containing  a  large  amount  of  oxygen 
and  little  or  no  ozone.  When  the  hypermanganate  of  potassium 
is  acted  upon  by  strong  sulphuric  acid,  a  large  amount  of  oxygen 
is  evolved,  and  a  small  part  of  this  oxygen  is  in  the  condition  of 
ozone.  The  method  employed  was  one  which  generated  ozone. 
This  oxygen  containing  a  small  quantity  of  ozone  was  mixed 
with  the  air,  forced  into  the  vessel  by  the  bellows,  and  passed 
through  water  to  the  chamber  or  vessel  in  which  the  animal  was 
placed.  This  vessel  also  contained  water.  But  according  to 
Carius,  ozone  is  soluble  in  water,  1000  volumes  absorbing  4*5 
volumes  of  ozone ;  and  although  this  solubility  of  ozone  in  water 
is  denied  by  Andrews,  the  latter  is  of  opinion  that  water  con- 
verts ozone  into  oxygen  when  agitated  with  it.  So  that,  whether 
ozone  is  soluble  in  water  or  not,  there  can  be  no  doubt  that  the 
small  quantity  of  ozone,  generated  by  the  action  of  sulphuric 
add  upon  the  hypermanganate  of  potassium,  would  be  further 
diminished  during  its  passage  through  water,  either  by  being 
absorbed  by  the  water  or  by  its  being  converted  by  the  water 
into  oxygen. 

Attempts  were  made  to  estimate  the  amount  of  ozone  present 
in  the  air  supplied  to  the  animaL  The  method  adopted  was  as 
follows : — 

The  animal  was  introduced  into  the  box,  and  ozonised  air  supplied 
at  the  rate  of  I  Htre  in  2^  loiautes.  The  ozonised  air  was  forced  into 
the  box,  and  the  air  from  the  box  escaped  by  the  exit-tube.  At 
certain  periods  in  the  experiment,  a  bulb-tube,  containing  a  solution  of 
iodide  of  potassium,  was  filled  to  the  exit-tube,  so  that  the  air  from 
the  box  before  reaching  the  outer  air  was  passed  through  the  solution 
of  the  iodide.  This  bulb-tube  remained  attached  to  the  exit-tube 
during  the  time  taken  to  supply  3  litres  of  air  to  the  box  The  ozone 
present  decomposed  the  iodine,  and  an  orange  coloration  was  produced, 
due  to  the  liberation  of  iodine.  The  fluid  in  the  bulb-tube  was  then 
placed  in  a  beaker,  and  a  solution  of  starch  was  added.  A  blue  colorar 
tion  was  producecl  during  the  formation  of  the  iodide  of  starch.  This 
coloration  was  increased  if,  before  adding  the  starch,  a  few  drops  of  an 
acid  solution,  say  of  tartaric  acid  or  sulphuric  acid,  were  added  to  the 
fluid  from  the  bulb-tube.  In  the  decomposition  of  iodide  of  potassium 
by  ozone  iodine  is  set  free,  but  there  is  apt  to  be  formed  iodate  of 

VOL.  xrv.  H 


114  DR  JOHN  BARLOW. 

potassium,  so  that  we  would  have  in  solution  a  mixture  of  iodide 
of  potassium,  iodate  of  potassium,  free  iodine,  and  caustic  potash. 
Crum  Brown  (Scot.  Met  Soc  Journal,  1869)  showed,  however,  that 
"  if  a  mixture  of  iodide  and  iodate  of  potassium  be  acidulated  with  a 
dilute  acid,  a  quantity  of  iodine  is  set  free  exactly  equal  to  what 
would  have  been  set  free  by  the  ozone,  supposing  no  iodate  had 
been  formed."  The  amount  of  iodine  existing  as  the  iodate  of  starch 
was  estimated  by  adding  to  the  solution,  until  it  was  decolorised,  a 
standard  solution  of  the  hypophosphite  of  soda.  By  following  this 
method  I  was  able  to  estimate  the  amount  of  ozone,  and  its  proportion 
in  the  air  breathed  by  the  animal 

Experiment  III. — December  21. 

Babbit  in  good  condition,  weighing  1600  gram.;  introduced  into 
box  at  10.50  A.M.,  and  air  admitted.  10.55  A.M.,  respirations  90-100. 
10.58  A.M.,  induction  machine  worked.  11.12  a.m.,  animal  has  been 
very  restless,  and  it  has  been  impossible  to  count  the  respiration& 
11.20  A.M.,  respirations  30.  11.30  a.m.,  respirations  60;  very  feeble 
and  short.  11.35  a.m.,  great  irritation  of  nose.  11.45  A.M.,  respira- 
tions 75.  11.50  A.M.,  respirations  75.  11.55  a.m.,  respirations  75. 
Ozone  contained  in  3  litres  of  air  passed  through  solution  of  iodide  of 
potassium,  placed  in  bulb-tube  and  connected  with  exit-tube » '137 
gram.,  or  1  part  in  2^  parts  of  air  by  weigJU.  12*2  p.m.,  induction 
machine  stopped,  and  rabbit  removed  from  case;  animal  tremulous  in  its 
movements,  but  appeared  to  recover  rapidly. — December  22.  Animal 
found  dead  this  morning.  Post-mortem  examination  shows  congestion 
of  lungs,  and  bloody  serum  in  pleural  cavity. 

From  this  experiment,  then,  we  see  that  a  rabbit  which  had 
breathed  ozonised  air  for  an  hour  died  on  the  following  day,  and 
that  the  amount  of  ozone  in  the  air  which  caused  this  result  was 
1  part  in  28  parts  of  air.  But  the  greater  density  and  weight 
of  ozone,  as  compared  with  air,  led  me  to  believe  that  the  amount 
of  ozone  in  the  box  would .  increase  with  the  length  of  time 
during  which  ozonised  air  was  passed  through  the  box.  This 
supposition  was  supported  by  the  behaviour  of  the  animal ;  for 
when  the  ozonised  air  was  directed  into  the  centre  of  the  box, 
the  rabbit  raised  its  head,  placed  its  nose  into  corners  of  the  box, 
and  finally  give  up  the  attempt  to  avoid  breathing  ozone ;  but 
after  placing  in  the  entrance-tube  a  piece  of  glass  tubing,  by 
means  of  which  the  stream  of  ozonised  air  was  directed  to  the 
top  of  the  box,  the  animal  no  longer  raised  its  head,  but  placed 
it  immediately  under  the  entrance.  To  test  this  point  I  there- 
fore performed  the  following  experiment. 
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ExPERiMBNT  IV. — December  23. 

Small  rabbit,  weighing  990  gram. ;  introduced  into  case  at  12.50 
A.M.,  respirations  70.  1  p.m.,  induction  machine  worked.  1.2  p.m., 
sneezing  and  retching;  respirations  50.  1.3  p.m.,  induction  machine 
stoppedy  and  air  admitted.  1.8  p.m.,  retching.  1.11  p.m.,  respirations 
60.  1.16  P.M.,  induction  machine  worked,  1.19  p.m.,  irritation  of 
nose,  respirations  irregular.  1.20  p.m.,  respirations  35.  1.24  p.m., 
animal  restless,  and  moyements  irregular  and  uncertain ;  tumbled  over 
in  turning  round.  Amount  of  ozone  in  3  litres  of  air  collected  at  exit 
tube=  -066  gram.,  or  1  in  58  parts  of  air.  1.26  p.m.,  respirations  35 ; 
animal  with  nose  at  top  of  box  (the  ozone  enters  at  centre).  1.30  p.m., 
respirations  35.  1.40  p.m.,  respirations  42 ;  mouth  open.  1.50  p.m., 
amount  of  ozone  in  3  litres  of  air » '19  gram.,  or  1  in  20^  parts  of 
air.  1.57  p.m.,  induction  machine  stopped.  Case  opened,  and  rabbit 
removed ;  nose  and  lips  blue ;  animal  tremulous,  and  does  not  move 
for  three  minutes. — ^December  25.  Animal  dead.  Congestion  and 
consolidation  of  right  lung  (middle  lobe). 

But,  it  may  be  asked,  Does  the  amount  of  ozone  escaping  by 
the  exit  tube  represent  the  amount  of  ozone  in  the  air  which  the 
animal  breathed  ?  Will  not  the  amount  be  less,  owing  to  the 
absorption  of  some  of  the  ozone  by  the  animal  ?  It  is  doubtless 
true  that  some  authorities  have  asserted  that  ozone  in  the  atmo- 
sphere is  absorbed,  and  enters  the  circulation  along  with  the 
oxygen.  It  is  difficult  to  beUeve  that  the  inhalation  of  ozonised 
air  as  a  remedial  agent  could  have  been  recommended  without 
such  belief.  But,  on  the  other  hand,  the  opponents  of  such  a 
plan  of  treatment  have  asserted  that  the  inhalation  of  ozone 
means  the  inhalation  of  oxygen,  inasmuch  as,  they  affirm,  the 
ozone  in  contact  with  a  living  animal  membrane  would  be  con- 
verted into  oxygen.  But  if  ozone  be  absorbed  as  ozone,  or  be 
absorbed  as  oxygen  after  coining  into  contact  with  a  moist 
animal  membrane,  we  would  expect  that  the  air  escaping  from 
the  exit  tube  would  not  at  all  accurately  represent  the  amount 
of  ozone  in  the  air  breathed  by  the  animal 

The  only  way  in  which  I  could  determine  the  amount  of 
ozone  entering  the  case,  would  have  been  some  plan  by  which  I 
could  have  introduced,  between  the  tube-bulb  for  the  absorption 
of  nitrous  acid  and  the  entrance  tube  of  box,  another  tube-bulb 
containing  iodide  of  potassium.  But  this  would  have  been  very 
difficult,  requiring,  with  the  apparatus  at  my  command,  at  least 
an  interval  of  five  or  ten  minutes  to  elapse. 

Nor  would  such  an  arrangement  have  given  to  us  correct 
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information  as  to  the  qv^rUiiy  present  in  the  air  within  the  box, 
because,  as  we  have  already  seen,  the  ozone  probably  accu- 
mulates, owing  to  its  greater  density,  in  the  box.  The  following 
experiment  will,  however,  give  us  a  fairly  accurate  means  of 
answering  the  question  raised  :• — 

Experiment  V. — December  26. 

A  small  rabbit,  weighing  1010  gram. ;  introduced  into  box,  but  not 
covered  in,  at  11.37  a.m.  ;  respirations  70.  11.42  a.m.,  cover  put  on 
and  screwed  down,  and  the  exit-tube  plugged  up.  No  air  now  enters 
the  box,  the  object  being  to  see  what  effect  the  breathing  of  impure  air 
will  have  upon  the  animal  11.46  a. m.,  respirations  60;  eyes  closed. 
11.52  A.M.,  respirations  68.  11.55  A.M.,  respirations  66.  12  a.h., 
plug  in  exit  tube  removed,  and  air  passed  through.  Animal,  which 
has  been  in  a  lethargic  condition,  livens  up  and  begins  to  breathe 
rapidly  for  a  few  seconds,  and  then  regularly.  12.5  p.m.,  respirations 
70.  12.7  P.M.,  induction  machine  worked,  12.11  p.m.,  sneezing; 
animal  lying  down  at  bottom  of  case  (ozonised  air  enters  at  top); 
respiration  30.  12.15  p.m.,  respirations  40.  12.20  p.m.,  ozone  in  3 
litres  of  air  passing  from  exit-tube  =  '0258  gram.,  or  1  part  in  150  by 
weight  12.25  p.m.,  respiration  60.  Amount  of  ozone  in  3  Htres  of 
air  =-0589  gram.,  or  1  part  in  QQ,  12.30  p.m.,  respirations  52-60, 
feeble.  12.40  p.m.,  respirations  60  ;  feeble.  Animal  quickly  removed 
from  box,  box  closed,  and  ozonised  air  passed  through  it  until  12.50 
P.M.,  when  the  amount  of  ozone  in  3  litres  passing  through  case  tritJioui 
rabbit  in  it=  '0887  grams.,  or  1  part  in  43  parts  by  weight 

Now  in  this  experiment,  the  rate  at  which  the  air  passed 
through  the  box  was  the  same  as  in  Experiments  III.  and  IV. ; 
and  yet,  in  these  experiments  we  obtained  from  the  air  escaping 
from  the  exit-tube,  at  the  end  of  57  minutes  in  Experiment  III., 
1  part  of  ozone  in  28  parts  of  air ;  and  in  Experiment  IV.,  1  in 
58  parts  at  the  end  of  25  minutes,  and  1  in  20  parts  at  the  end 
of  50  minutes  after  the  rabbit  had  breathed  in  the  air.  In 
Experiment  V.  we  had,  after  removal  of  the  rabbit,  1  part  of 
ozone  in  43  parts  of  air.  Nor  can  the  diflTerence  observed  be  due 
to  a  bad  condition  of  the  battery  employed ;  for  the  analysis  of 
the  air,  when  tJie  rabbit  was  in  the  box  during  the  experiment, 
gave,  at  the  end  of  13  minutes,  1  in  150  parts,  and  at  the  end  of 
18  minutes,  1  in  66  parts.  It  may  be  urged  that  some  ozone 
escaped  from  the  box  when  the  animal  was  being  removed. 
This  is  quite  possible ;  but  the  fact  that  the  removal  was  affected 
as  quietly  and  as  quickly  as  possible,  and  the  greater  density  of 
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ozone  (1 J  times  that  of  air),  would  prevent  any  great  disturb- 
ance of  the  contents  of  the  box;  and  any  disturbance  which 
might  have  occurred,  would  be  more  than  compensated  for,  by 
the  7  minutes  at  least  which  elapsed  after  the  closing  of  the 
case,  during  which  the  ozonised  air  was  entering  the  box,  before 
any  analysis  was  made  of  the  air  leaving  by  the  exit  tubes.  So 
that  I  am  of  opinion  that  the  respiration  of  ozonised  air  does  not, 
to  any  marked  extent,  affect  the  amount  of  ozone  contained  in 
such  air. 

Experiments  were  also  made  to  determine  what  effect,  if  any, 
the  breathing  of  ozonised  air  has  upon  the  elimination  of  COg  from 
the  blood.  To  effect  this,  the  air  escaping  from  the  exit  tube  of 
the  box,  in  which  the  animal  was  contained,  was  from  time  to 
time  collected  and  analysed^  and  the  amount  of  0  and  COj 
estimated. 

The  apparatus  for  collecting  and  analysing  the  air  is  seen  in  Plate  VI. 

It  consists  ul  a  bottle  a,  inverted,  having  a  hole  at  its  upper  part. 
This  bottle  communicates  by  means  of  india-rubber  tubing  with  a 
tube  B,  graduated  from  above  downwards  in  ^  of  a  centimetre.  This 
graduated  tube  is  continuous  with  a  bulb  k,  and  through  this  with 
glass  tubing  l  and  H.  The  tube  L,  the  bulb  k,  and  the  graduated 
tube  filled  to  its  lower  part,  contain  124  cc.  When  tube  l  and  tube  k 
are  filled,  and  graduated  tube  filled  only  to  the  part  next  the  bulb, 
96  cc. 

The  tube  at  h  is  connected  by  means  of  glass  tubing  with  the  exit 
tube  of  air-tight  box.  At  c  there  is  a  three-way  stopcock,  by  means 
of  which  the  air  passing  along  tube  h  may,  by  changing  position  of 
stopcock,  escape  into  outer  air,  may  be  passed  along  tube  l,  or  air  or 
fluid  in  tube  l  may  escape  into  outer  air. 

Communicating  with  tube  l  are  two  tubes  d  and  d\  which  lead  to 
the  arrangement  for  the  absorption  of  0  and  CO2,  the  communication 
being  opened  and  stopped  by  stopcocks  h  and  b'. 

The  oxygen  is  absorbed  in  the  following  way : — ^A  glass  vessel  p, 
containing  a  coil  of  fine  copper  wire,  communicates  by  means  of  a  piece 
of  glass  tubing  with  the  bottle  e,  containing  a  strong  solutipn  of 
chloride  of  ammonium  with  free  ammonia.  The  tube  of  communica- 
tion dips  below  the  surface  of  the  solution.  Communicating  with 
bottle  E  we  have  a  tube  leading  to  an  india-rubber  bag,  and  contain- 
ing air.  By  compressing  the  indiarrubber  bag  when  the  communica- 
tion of  vessel  F  with  tube  l  is  open,  the  solution  of  chloride  of 
ammonium  is  forced  from  bottle  s  through  the  tube  into  vessel  f, 
and  up  to  stopcock  b.  When  we  turn  stopcock  ft  so  as  to  shut  off 
communication  with  l,  the  vessel  p  remains  full  of  fluid. 

The  arrangement  for  the  absorption  of  CO2  is  the  same,  except  that 
the  fluid  in  bottle  n  is  a  stong  solution  of  KHO,  and  that  in  vessel 
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o  theie  are  pieces  of  glas&  Of  course  the  apparatus  must  be  rendered 
air-tight  by  means  of  india-rubber  corks,  and  connecting  india-rubber 
tubing  must  be  wired. 

The  connection  of  tube  h  with  exit  tube  of  air-tight  box,  is  made  by 
having  one  glass  tube  sufficiently  small  just  to  pass  within  the  other. 
A  coating  of  paraffin  at  point  of  contact  of  the  two  tubes  renders  the 
joint  air-tight. 

This  being  the  arrangement,  let.  me  describe,  step  by  step,  the 
method  adopted  in  performing  an  anal3'sis. 

1.  The  vessels  f  and  g  are  filled  with  fluid  from  bottles  d  and  b. 
and  they  remain  filled  by  turning  stopcocks  b  and  &',  so  as  to  shut  off 
communication  with  tube  l.  The  bottle  a  is  filled  with  water.  The 
tube  B,  the  bulb  k,  and  the  tube  l  are  filled  with  water  by  raising 
bottle  A  and  withdrawing  stopcock  c.  When  this  is  done,  replace 
stopcock  e  so  that  all  communication  with  tube  h  is  shut  oK  The  air 
from  the  box  in  which  the  animal  is  contained  is  now  passing  along 
tube  H,  through  the  stopcock  c,  into  outer  air.  To  analyse  this  air, 
lower  bottle  a.  The  tubes  b  and  l,  and  bulb  k  remain  filled  with 
water  until  stopcock  c  is  placed  so  as  to  establish  communication 
with  the  air  in  tube  h.  Turn  the  stopcock  c  and  allow  the  water  to 
leave  the  bulb,  and  t?ie  greater  part  of  the  graduated  tube.  When 
this  is  done,  turn  stopcock  c  so  as  to  shut  off  communication  with 
tube  H. 

Eaise  or  depress  the  bottle  a  until  the  fluid  in  the  bottle  a  and  tube 
B  are  at  the  same  level  Read  off  carefully  the  height  at  which  fluid 
stands  in  tube  &  This  gives  the  amount  of  air  to  be  analysed.  This 
being  doiie,  raise  the  water  bottle  and  open  stopcock  b.  The  water 
rises  in  tube  b,  bulb  k,  and  tube  l,  forcing  the  air  present  into  vessel 
F.  When  the  water  fills  the  tube  nearly  to  d,  turn  stopcock  &,  lower 
the  bottle.  Then  open  stopcock  and  the  air  from  vessel  f  passes 
along  tube  L.  To  assist  in  the  passage  of  the  air  from  vessel  f,  the 
india-rubber  bag  is  slightly  compressed,  so  as  to  again  force  fluid  from 
bottle  E  to  vessel  f.  When  this  vessel  is  filled,  the  stopcock  is  again 
turned  so  as  to  shut  off  communication  with  tube  l.  Tins  process  may 
be  again  repeated.  Then  raise  or  depress  the  water  bottle  a  until  fluids 
are  at  same  level,  and  read  off  height  at  which  fluid  in  tube  b  stands. 
The  difference  between  the  two  readings  will  represent  the  amount  of 
oxygen  which  was  present  in  the  amount  of  air  examined,  the  oxygen 
having  been  absorbed  by  the  copper  wire,  moistened  with  chloride  of 
ammonia. 

To  estimate  the  COj  the  bottle  a  is  again  raised,  stopcock  b'  opened, 
and  the  air  forced  into  vessel  o,  where  the  COj  is  absorbed  by  coming 
in  contact  with  the  glass  moistened  with  KHO.  The  water  bottle  is 
lowered,  the  fluid  from  d  made  to  fill  o  by  compression  of  india-rubber 
bag  a'.  Stopcock  b  shuts  off  communication  with  l  when  a  is  filled. 
The  water  bottle  a  is  raised  or  depressed  until  water  is  at  the  same 
level  in  bottle  and  in  tube  b.  The  height  at  which  fluid  in  tube  b 
stands  is  again  read  off,  and  the  difference  in  this  reading  and  the  one 
made  before  COj  was  absorbed  gives  the  amount  of  COj  in  the  air 
examined. 
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Although  from  the  description,  the  apparatus  appears  compli- 
cated, yet  in  practice  the  analysis  of  the  air  by  this  method  is 
very  simple  and  rapid.  The  amount  of  oxygen  and  of  CO,  in 
100  cc.  of  air  can  be  estimated  in  five  or  seven  minutes.  The 
fluids  in  bottles  D  and  £  requires  to  be  replaced  by  fresh 
supplies  after  performing  with  them  30  or  40  analyses. 

An  experiment  was  first  made  to  see  the  condition  of  the  air 
in  the  air-tight  box,  no  ozone  being  present,  when  a  rabbit  was 
contained  in  the  box — to  determine,  in  short,  the  standard  of 
purity  of  the  air,  as  regards  CO^  which  I  was  capable  of  main- 
taining by  means  of  the  fresh  air  which  was  constantly  being 
introduced. 

Experiment  VI. 

Eabbit,  weighing  1200  gram. ;  introduced  into  box  at  10.50  A.M.; 
air  contains  20-8  per  cent  of  oxygen.  Air  passing  through  at  rate  of 
1  litre  in  2^  minutes.  11  A.M.,  air  contains  2*14  per  cent  of  COj, 
and  18*3  per  cent,  of  O.  11.10  am.,  air  contains  3*66  per  cent  of 
COj.  and  15'9  per  cent  of  O.  11.20  A.M.,  air  contains  4*5  per  cent 
of  CO2  and  16  per  cent,  of  O.  11*40  A.M.,  air  contains  4*5  per  cent, 
of  CO2  and  16*2  per  cent  of  0. 

This  experiment  was  repeated  two  or  three  times  with  nearly 
constant  resulta  I  found  that,  by  admitting  air  into  the  box, 
at  the  rate  of  1  litre  in  2^  minutes,  the  amount  of  CO,  in  such 
air  did  not  rise  above  4  or  5  per  cent. 

Experiments  were  next  made  to  determine  the  effect,  upon  the 
amount  of  C02>  of  breathing  organised  air. 

Experiment  VII. 

Babbit,  weighing  1200  gram.;  introduced  into  chamber  at  11.30, 
and  air  passed  through :  respirations  80.  1 1  '45  A.M .,  1056  cc.  of  air  con- 
tains 3*2  per  cent  of  COj  and  18*2  cc.  of  0.  12  a.m.^  106  cc  of  air  con- 
tains 4  cc.  of  CO2  and  18  cc  of  0.  12.1  p.m.,  inducHon  machine  wcrked. 
12.15  P.M.,  105  cc.  of  ozonised  air  contains  '6  cc.  of  COj  and  21*6  cc 
of  O.  Animal  lying  at  bottom  of  boK ;  respirations  32.  12.25  p.m., 
106*8  cc  of  ozonised  air  contains  '7  cc.  of  COj  and  22  cc  of  0. 
12.30  P.M.,  animal  quiet  with  fore  paws  extended  and  head  back; 
respirations  28,  deep.  12.35  p.m.,  106*2  cc.  of  ozonised  air  contains  '8 
cc  of  CO2  and  22*4  cc  of  O.  12.40  am.,  induction  machine  stopped. 
12.50  p.M,  105  cc  of  air  contains  1*8  cc.  of  COg  and  21*8  cc  of  O. 
1  P.M.,  104  cc.  of  air  contains  1*8  cc.  of  COj  and  20*8  of  O. 
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Experiment  VIII. 

Large  rabbit,  weighing  1800  gram.;  introduced  into  box  at  10*55  a.m., 
and  air  passed  through.  11  A.M.,  104  cc.  of  air  contains  '4  cc.  of  CO, 
and  18'6  cc  of  0.  11*10  a.m.,  animal  quiet,  eyes  closed;  respirations 
70.  11*15  A.M.,  102*4  cc.  of  air  contains  3*2  per  cent  of  COg  and 
1 7 *2  cc  of  O.  1 1. 20  A.M.y  respirations  52,  full  and  regular.  1 1  *25  A.M., 
respirations  48.  11.25  a.m.,  104  cc.  of  air  contains  4.2  cc  of  CO^,  and 
16*6ofO.  11*35a.m.,  respirations  48;  animal  quiet.  11.45a.h.,  103  6cc 
of  air  contains  4*2  cc  of  CO,  and  16*6  cc.  of  O.  11*65  A.M.,  103  cc  of 
air  contains  4*2  cc.  of  CO,,  and  16*5  cc.  of  O.  11.56  A.M.,  induction 
machine  worked.  12  noon;  salivation;  mouth  open;  respirations  cannot 
be  counted,  owing  to  movements  of  animal  1 2. 5  p.  m.,  1 03  cc.  of  ozonised 
air  contains  *8  cc  of  CO,  and  21  cc.  of  O.  1 2. 10  p.il,  respirations  feeble, 
and  difficult  to  count.  12.20  p.m.,  104*6  cc  of  ozonised  air  contarns 
-8  cc.  of  CO2  and  22  2  cc.  of  O.  12.35  p.m.,  104*2  cc.  of  ozonised  air 
contains  *9  cc.  of  O  and  21*2  cc.  of  GO,.  12.40  p.m.,  respirations 
laboured,  70.  12.45  p.m.,  115  cc  of  ozonised  air  contains  '9  cc.  of  CO, 
and  22*6  cc.  of  O.  12.46  p.m.,  induction  machine  stopped.  1  p.m., 
104*2  cc  of  air  contains  l'2cc  of  CO,  and  21  cc.  of  O.  There  is 
still  a  distinct  smell  of  ozone  in  the  air  coming  from  stopcock  e; 
respirations  60.  1.10  p.m.,  103  cc  of  air  contains  3*2  cc  of  CO,  and 
17*8  cc  of  0.  1.20  P.M.,  100*6  cc  of  air  contains  3*1  cc  of  CO,  and 
17  cc.  of  O.  Next  day,  the  animal  found  dead;  upon  examination, 
lungs  found  congested,  and  bronchi  filled  with  mucus. 

EXPEBIMENT   IX. 

Eabbit,  weighing  855  gram.;  introduced  into  chamber  at  11.30  a. m. 
11.45  A.M.,  respirations  140,  shallow.  11.50  A.M.,  107*8  cc  of  air 
contains  3*5  cc.  of  CO,  and  21  cc.  of  O.  12.5  p.m.,  101 -2  cc  of  air 
contains  4  cc.  of  CO,  and  19-24  of  O.  12.6  p.m.,  induction  machine 
worked.  12.10  p.m.,  animal  lying  down  in  box,  sneezing;  respirationjs 
50.  12.14  P.M.,  respirations  45.  12.15  p.m.,  100*2  cc.  of  ozonised  air 
contains  *6  cc  of  CO,  and  19*4  cc  of  O.  12*27  p.m.,  101  8  cc  of 
ozonised  air  contains  l*8cc.  of  CO,  and  18*4  cc.  of  O.  12.30  p.m., 
respirations  50 ;  animal  drowsy.  12.40  p.m.,  103*4  cc  of  ozonised  air 
contams  2  cc  of  CO,  and  20*4  of  0.  12.50  p.m  ,  104*6  contains  2  cc. 
of  CO,  and  20  cc  of  0;  animal  standing  up,  head  elevated,  and 
breathing  very  laboured.  1  p.m.,  ifiduction  machine  stopped.  1.5  p.m., 
103  cc.  of  air  contains  3  cc.  of  CO,  and  19.5  cc.  of  O.  1.15  p.m., 
100*4  cc  of  air  contains  3*5  cc  of  CO,  and  17  cc  of  O.  There  is 
still  a  smell  of  ozone  at  exit  tube.  1.20  p.m.,  animal  removed  from 
chamber.  This  animal  was  found  dead  five  hours  afterwards.  Pod 
mortem  examination  shows  congested  lungs,  blood  venous,  but  not 
markedly  so. 

Experiment  X. 

A  Guinea  pig,  weighing  575  gram. ;  introduced  into  chamber  at 
10.20  A.M.     10.27  A.M.,  103-2  cc  of  air  contains  2*2  cc.  of  CO,  and 
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IB'6  ce.  of  O.  10.37  ah.,  lespiiatioiis  110-120.  11.10  am.,  100*8  cc. 
of  air  contains  3*8  ca  of  COj  and  16*6  cc.  of  O.  Induction  machine 
worked,  11.25  a.m.,  irritation  of  nose ;  irregular  and  spasmodic  action 
of  diaphragm.  11.27  a.il,  105*8  cc.  of  ozonised  air  contains  *6  cc  of 
CO2  and  21*600.  of  O.  11.37  a.m.,  103  cc.  of  ozonised  air  contains 
1  cc.  of  CO2  and  20*2  cc.  of  O.  11*52  am.,  99*2  cc.  of  ozonised  air 
contains  *8cc.  of  CO^  and  20  cc.  of  O.  12.10  p.m.,  induction  machine 
stopped.  12.30  pm.,  the  supply  of  air  has  heen  interrupted,  in 
consequence  of  an  accident,  for  three  minutes.  Animal  lying  on  its 
side  ;  respirations  60,  irregular  and  laboured.  12.40  p.m.,  animal  died, 
after  slight  convuMons.  Post  mortem  examination  shows  congestion  of 
both  lungs ;   blood  venous  in  colour  in  all  parts. 

From  these  experiments  it  will  be  seen  that  the  breathing  of 
ozonised  air  interferes  greatly  with  the  elimination  of  carbonic 
add.  The  increase  in  the  amount  of  oxygen  is  due  probably  to 
two  causes — 1st,  a  diminution  in  the  amount  of  oxygen  which 
is  absorbed  by  the  animal;  and  2d,  the  fact,  that  the  portion  of 
oxygen  which  has  been  converted  into  ozone,  coming  in  contact 
with  the  solution  for  the  absorption  of  oxygen,  would  act  like 
oxygen,  and  be  absorbed  by  the  solution. 

This  action  of  ozone  in  preventing  the  elimination  of  COg 
was  so  striking,  that  I  determined  to  contrast  its  behaviour  with 
that  of  phosphuretted  hydrogen.  I  arranged  my  apparatus  so 
that  I  could,  at  will,  pass  a  stream  of  air  from  the  water  bottles 
through  the  air-tight  box,  or  could  introduce  into  the  box  a  small 
quantity  of  PHj,  which  had  been  collected  previously  over  water 
in  a  glass  vessel.  As  I  was  able  to  dispense  vnth  the  drying 
bulbs  and  the  tube  bulbs  in  this  experiment,  the  air  was  forced 
through  the  box  more  rapidly  than  in  the  experiments  with  ozone, 
owing  to  the  smaller  resistance  to  be  overcome.  The  apparatus 
for  the  estimation  of  0  and  COg  was  connected  with  the  exit-tube. 

Experiment  XI. 

12*5  P.M.,  rabbit  introduced  into  case  and  air  admitted.  12*10  p.m., 
respirations  130,  consisting  of  one  or  two  slow,  followed  by  seven  or 
eight  quicker  respirations.  12*15  p.m.,  100  cc.  contain  20*6  cc.  of  O 
and  1*2  cc.  of  CO2  1218  p.m.,  respirations  UO.  12*20  p.m.,  103*6 
cc.  of  air  contains  1*4  cc.  of  COg  and  21  cc.  of  O.  1227  p.m.,  a  small 
quantity  of  PII3  admitted,  and  supply  of  air  stopped.  12*29  p.m.,  air 
admitted ;  respirations  190,  regular  and  deep.  12*30  p.m.,  104*4  cc.  of 
air  contains  1*2  cc.  of  COj  and  21  cc.  of  O.  12*33  p.m.,  respirations 
150,  not  60  deep.  12*37  p.m.,  respirations  160,  shallow.  12*38  p.m., 
102  cc.  of  air  contains  3  cc.  of  CO^  and  17*8  cc.  of  O.     12*43  p.m., 
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animal  apparently  all  right  1 2  *43  p.  m.  ,  air  stopped,  and  PH^  admitted. 
12*45  P.M.,  breathing  nearly  imperceptible,  114;  animal  lying  down. 
12*47  P.M.,  respirations  shallow  but  regular,  90.  12*48  p.m.,  air 
admitted  and  examined ;  103*4  cc.  contains  1*4  cc.  of  COg  and  20*2  of 
O.  12*49  p.m.,  slow^  deep,  spasmodic  respirations;  48  per  minute. 
12*50  P.M.,  convulsions.  12*57  p.m.,  conyulsions  and  death.  12*58 
P.M.,  air  examined ;  106*4  cc.  of  air  contains  1*4  cc.  of  CO,  and  21  o& 
of  O. 

From  this  it  will  be  noticed  that  with  PH,  there  is  a  diminu- 
tion in  the  amount  of  GO2  given  off,  and  this  diminution  is 
followed  by  an  increase  upon  the  admission  of  pure  air.  But 
this  diminution  is  not  of  the  marked  character  of  that  which  is 
produced  by  breathing  ozonised  air.  It  is  interesting  to  contrast 
the  effect  of  the  two  gases  upon  the  number  of  respirations. 
With  ozone  we  have  first  a  diminution,  gradually  increasing  up 
to,  but  not  attaining  to  the  normal  number ;  with  PHj  a  decided 
increase  at  the  first,  followed  by  a  diminution  in  the  number  of 
respirations. 

In  no  experiment  upon  rabbits  with  ozonised  air  did  I  pro- 
duce death  of  the  animal,  daring  the  time  it  was  in  the  air-tight 
box.  In  the  case  of  a  Guinea  pig  (Experiment  X.),  death  occurred 
when  the  supply  of  fresh  air  was  stopped. 

I  attribute  this  failure  to  produce  death  not  to  a  deficiency  in 
the  amount  of  ozone  (for  the  apparatus  I  employed  was  capable, 
as  the  analyses  show,  of  generating  a  large  amount),  but  to  the 
rate  at  which  air  was  introduced  into  the  air-tight  box.^  This 
is  merely  an  hypothesis  upon  my  part,  inasmuch  as  I  have  no 
means  of  knowing  the  exact  amount  of  ozone  used  in  the  experi- 
ments by  Dewar  and  M'Kendrick  and  the  other  observers,  nor 
have  I  any  means  of  knowing  what  was  the  condition  of  the  air, 
as  regards  CO^,  of  the  chambers  in  which  they  performed  their 
experiments.  But  in  the  experiments  of  Dewar  and  M'Kendrick, 
the  post-mortem  examination  of  the  animals  which  died  when 
breathing  ozonised  air  showed  appearances  similar  to  those  pre- 
sented in  cases  of  death  from  asphyxia. 

Dewar  and  M'Kendrick  {op.  cit,,  p.  218)  say : — 

"  We  can  hardly  avoid  pointing  out  that  oxygen  in  this  altered  con- 
dition (Og  »  24)  is  slightly  denser  than  carbonic  acid  (COj  =  22),  and 

'  I  am  informed  by  Dr  M'Kendrick  that  no  estimate  was  made  in  the  expcri- 
luents  made  by  himself  and  Mr  Dewar. . 
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that,  although  the  chemical  activity  of  the  substance  is  much  increased, 
jet  when  inhaled  into  the  lungs,  it  must  retard  greatly  the  rate  of 
diffusion  of  carbonic  acid  from  the  blood,  which  accounts  for  the 
venous  character  of  that  fluid  after  death.  If,  however,  the  physio- 
logical effect  of  ozone  on  respiration  were  due  merely  to  its  greater 
density,  then  we  would  expect  its  behaviour  to  be  analogous  to  that  of 
an  atmosphere  highly  charged  with  COg.  This  has  been  found  to  be 
the  case,  more  especially  as  regards  the  diminished  number  of  respira- 
tions per  minute  and  the  appearance  of  the  blood  after  death.  If, 
however,  this  analogy  were  perfect,  we  would  anticipate  that  Ihe  action 
of  oxygen,  partially  ozonised,  would  not  haye  produced  death,  as  the 
amount  of  ozone  in  these  experiments  certainly  did  not  exceed  10  per 
cent  As  it  was,  all  we  have  observed  is  that  an  animal  only  lives  a 
somewhat  longer  time  in  ozonised  oxygen  than  in  ozonised  air.  We 
are  thus  induced  to  regard  ozone  as  having  some  specific  action  on  the 
blood,  or  on  the  reflex  nervous  arrangements  of  respiration.  ** 

Now,  in  all  the  experiments  the  reduction  in  the  amount  of 
CO,  in  the  air  from  the  air-tight  box  from  3  or  4  per  cent,  to  '6 
or  -7  per  cent,  occurred  before  the  induction  machine  had  been 
working  for  fifteen  minutes,  when,  as  Experiment  Y.  shows,  the 
proportion  of  ozone  would  not  exceed  1  part  in  150  parts  of  air ; 
and  it  is  difficult  to  see  how  this  amount  of  ozone,  mixed  with 
ordinary  air,  could,  by  the  increased  density  of  the  mixture, 
produce  such  a  diminution  in  the  amount  of  COg.  And  this 
supposition  is  rendered  more  improbable  by  the  fact  that  oxygen 
containing  ^^th  part  of  its  weight  of  ozone  produces  death 
rapidly. 

The  condition  of  asphyxia  might  be  due,  however,  to  another 
cause — to  a  diminution  in  the  amount  of  oxygen  in  the  air, 
owing  to  some  of  it  having  been  converted  into  ozone.  Thus 
Dr  Snow  (Carpenter,  Human  Physiology^  8th  edition,  p.  423) 
observed  that  the  presence  of  CO^  in  the  atmosphere  acts  more 
deleteriously  upon  the  system,  in  proportion  as  the  normal 
quantity  of  oxygen  is  reduced.  Thus  various  birds  and  mam- 
mals, introduced  into  an  atmosphere  containing  only  from  10^  to 
16  per  cent,  of  oxygen,  soon  died,  although  means  were  taken  to 
remove  the  CO^  set  free  by  their  respiration  as  fast  as  it  was 
formed.  Now,  the  analysis  of  the  ^ir  in  the  chamber  showed  the 
presence  of  4  per  cent,  of  COj  and  16  to  18  per  cent,  of  0.  The 
induction  machine  is  worked,  and  a  portion  of  oxygen  is  con- 
verted into  ozone.  The  percentage  of  oxygen  might  from  this 
cause  be  reduced  below  16  per  cent.,  and  a  fatal  result  might 
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arise,  as  in  Dr  Snow's  experiments.  But  here,  again,  the  death 
of  mice  in  fifteen  seconds  (Redfem)  and  in  forty-five  minutes 
(Dewar  and  M'Kendrick)  render  this  view  improbable. 

The  difference  in  the  time  taken  to  produce  death  of  mice  by  the 
respiration  of  ozonised  oxygen  in  the  experiments  of  Bedfem,  and 
Dewar  and  M'Kendrick,  is  very  marked,  and  the  observations  can  only 
be  reconciled,  either  by  supposmg  that  the  amount  of  ozone  in  the. 
oxygen  was  greater  in  Eedfem's  experiment  than  in  Dewar  and 
M'Kendrick's,  or,  and  what  is  still  more  probable,  that  the  method  of 
performing  the  experiment  was  different  in  the  two  cases.  In  Red- 
fern's  experiment  the  mouse  was  introduced  into  a  vessel  in  which  had 
previously  been  collected  oxygen  containing  -jx^tb  pari;  of  ozone.  In 
the  experiment  of  Dewar  and  M'Kendrick,  the  animal  was  placed  in  a 
vessel  through  which  a  stream  of  oxygen  passed,  and  a  portion  of  the 
oxygen  was  graduaDy  ozonised  by  the  ozoniser ;  and  hence  a  considerable 
time  would  elapse  before  the  oxygen  had  been  ozonised,  in  the  propor- 
tion even  of  1  part  .in  240. 

It  has  been  suggested  by  Preyer  that  the  blood  corpuscles 
which  contain  0  exert  a  chemical  action  by  which  COj,  espe- 
cially that  existing  in  the  serum,  is  liberated  from  stable  com- 
pounds, and  placed  in  a  condition  suitable  for  elimination.  Does 
the  inhalation  of  ozonised  air  or  ozonised  oxygen  act  upon  the 
blood  corpuscles  in  some  way  so  as  to  prevent  the  Uberation  and 
elimination  of  COg  ?  The  answer  to  this  question  depends  upon 
an  answer  to  another.  Is  there  any  evidence  that  in  the  breathing 
of  ozonised  air  or  ozonised  oxygen  any  of  the  ozone  enters  the 
circulation  ?  In  attempting  to  investigate  this  last  question,  I 
first  made  myself  familiar  with  the  changes  which  ozonised  air 
produces  upon  the  blood  when  brought  inta  contact  with  it. 
Upon  this  point  Doziel  (N,  Bep.  Fharm,,  xxiv.  231)  says  the 
action  of  ozone  "  is  exerted  chiefly  upon  the  blood  corpuscles, 
their  colouring  matter  being  separated  and  the  blood  becoming 
darker  after  a  quarter  of  an  hour.  Defibrinated  blood,  exposed 
in  their  layers  to  the  prolonged  action  of  ozone,  becomes  brownish 
yellow,  and  does  not  yield  any  crystals  of  haemoglobin  on  addi- 
tion of  alcohol,  ether,  or  chloroform.  On  passing  ozone  for  a 
long  time  through  defibrinated  blood,  flakes  are  deposited, 
which,  after  washing  with  water,  are  undistinguishable  from 
fibrin.  The  formation  of  this  fibrin-like  body  is  probably 
determined  by  an  alteration  of  the  haemoglobin." 

Dewar  and  M'Kendriok  found  that  if  blood  wisis  exposed  upon 
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a  glass  slide  to  the  action  of  ozone,  changes  similar  to  those 
produced  by  a  weak  acid,  such  as  very  dilute  acetic  acid  or  a 
stream  of  carbonic  acid,  were  produced.  The  coloured  cor- 
puscles of  man  **  become  paler,  lose  their  definite  outline^  and 
if  exposed  for  a  period  of  five  or  ten  minutes  to  the  action  of 
the  current,  theif  are  dissolved,  and  a  mass  of  molecular  material 
is  seen*  The  coloured  corpuscles  of  the  frog  show,  after  the 
action  of  ozone,  the  formation  of  a  nucleus.  By  prolonged 
exposure,  many  of  the  nuclei  apparently  pass  ovi  of  the  substance 
of  the  corpusde,  nurtierous  free  nuclei  are  seen,  and  some  in  the 
act  of  separating  from  the  corpuscle  have  been  observed  The 
colourless  corpuscles  are  collected  into  globular  masses  after  the 
action  of  ozone." 

In  repeating  these  experiments  with  blood,  I  used  the  water 
bottles,  the  drying  tubes,  the  ozom'ser,  and  the  tube  bulb  for  the 
absorption  of  the  nitrous  acid.  The  tube-bulb  was  then  brought 
into  connection  with  one  of  the  brass  tubes  of  Strieker's  hot 
stage.  The  stage  was  kept  at  a  temperature  varying  from  38"" 
to  40"*  C  by  a  stream  of  hot  water.  And,  in  short,  arrangements 
with  the  hot  stage  were  made,  similar  to  those  made  for  exa- 
mination of  the  movements  of  the  colourless  corpuscles  and 
the  effect  of  COg  on  the  blood — the  only  difference  being  that 
the  blood  was  exposed  to  the  action  of  a  stream  of  air  or 
ozonised  air,  instead  of  COg. 

The  tube  supplying  the  air  was  compressed  by  means  of  a 
screw  clamp,  so  that  the  air  passed  very  slowly  through  the 
ozoniser  and  tube-bulb,  and  thus  currents  in  the  drop  of  blood 
were  avoided. 

A  small  drop  of  humcm  blood  was  placed  on  the  cover  glass 
and  mixed  with  a  small  drop  of  normal  saline  solution.  This 
was  placed  on  the  hot  stage,  and  examined  with  a  power  of  600 
diameters,  without  any  current  of  air  or  ozonised  air.  The  object 
of  this  was  to  see  if  the  arrangements  I  employed  were  fitted  to 
keep  the  blood  unaltered  in  appearance.  At  the  end  of  ten 
minutes  the  coloured  corpuscles  were  unaltered,  and  the  ap- 
pearance of  the  blood  was  unchanged. 

A  fresh  drop  was  taken,  and  a  very  slow  stream  of  air  was 
passed  over  it.  No  change  was  observed.  The  supply  of  air 
remaining  the  same,  the  induction  machine  was  worked.    The 
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first  change  noticed  was  that  the  white  blood  corpuscles  became 
globular ;  next  the  red  blood  corpuscles  became  colourless,  these 
furthest  from  the  objective,  i,e,,  nearest  the  ozone,  being  first 
affected.  The  liquor  sanguinis  remained  colourless;  next  the 
white  blood  corpuscles  lost  their  granular  appearance  in  part, 
and  showed  the  presence  of  nuclei;  next  numerous  granules 
made  their  appearance  in  the  b'quor  sanguinis.  In  some  parts 
of  the  field  these  granules,  with  the  nucleated  white  blood  cor- 
puscles, were  the  only  things  visible ;  but  in  focussing  more 
deeply,  t.e.,  nearer  the  ozone,  the  outline  of  the  red  blood  cor- 
puscles could  be  made  out.  This  appearance  is  probably  due 
to  the  fact  that  the  red  blood  corpuscles,  having  a  higher  specific 
gravity  than  the  white  blood  corpuscles  and  the  liquor  sanguinis, 
sink  gradually,  and  hence  we.  have  next  the  objective  of  the 
microscope,  a  layer  of  liquor  sanguinis  containing  a  few  white 
blood  corpuscles,  and  the  granules  produced  by  the  action  of 
ozone.  After  being  exposed  for  thirty  minutes  to  the  action  of 
ozone,  the  outline  of  the  red  blood  corpuscle  could  be  made  out, 
and  the  liquor  sanguinis  was  not  coloured  to  any  appreciable 
extent. 

With  frog*s  blood,  the  first  change  observed  was  the  gradual 
appearance  of  the  nucleus  in  the  red  blood  corpuscles ;  then  the 
corpuscles  lost  their  colour,  and  the  nucleus  became  more 
distinct.  After  this  the  white  blood  corpuscles  lost  their 
granular  appearance,  and  show  nuclei.  The  outline  of  the 
white  blood  corpuscles  ck)uld  always  be  easily  made  out.  The 
liquor  sanguinis  was  not  coloured,  but  granules,  similar  to  those 
observed  with  human  blood,  made  their  appearance  in  it.  After 
the  prolonged  action  of  ozonised  air  the  coloured  corpuscles 
seemed  to  shrink  in  size.  Ko  free  nuclei  were  seen  at  any 
time,  and  at  the  expiration  of  half  an  hour's  exposure  to  a  slow 
stream  of  air  highly  charged  with  ozone,  the  outline  of  the 
nucleated  but  colourless  red  blood  corpuscles  could  be  made  out. 

I  compared  the  effects  of  ozonised  air  with  that  produced  by 
a  weak  solution  of  acetic  acid  (three  drops  in  a  tumbler  of 
water),  and  find  that  with  human  blood  the  addition  of  a  drop 
of  such  a  solution  produces  decolorisation  of  the  red  blood 
corpuscles  at  once,  the  outline  can  only  faintly  be  seen,  and  the 
liquor  sanguinis  is  coloured.    With  frog's  blood  we  have  at  once 
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nucleated  coloarless  red  blood  corpuscles^  a  coloured  liquor 
sanguinis,  and  nucleated  white  blood  corpuscles.  With  ozone, 
the  complete  decolorisation  of  the  red  blood  corpuscles  is  a  slow 
process,  requiring,  I  found,  four  or  five  minutes. 

Ozonised  air  having  then  such  a  characteristic  effect  upon 
blood  if  brought  into  contact  with  it,  I  exposed  a  Guinea  pig  to 
its  action  for  an  hour  in  the  air-tight  chamber,  all  the  conditions 
being  similar  to  those  in  Experiments  from  I.  to  X.  The  same 
effects  were  produced  upon  the  number  of  respirations.  Having 
microscope  slides,  &c.  ready,  at  the  end  of  the  hour,  and  when 
the  animal  waa  nearly  dead  to  all  appearances,  I  killed  it  by  a 
blow  upon  the  head,  obtained  a  drop  of  blood,  mixed  it  with  a 
small  quantity  of  normal  saline  solution,  and  examined  it  with 
a  power  of  600  diameters.  No  dhange  of  any  kind  was  seen — 
the  red  blood  corpuscles  were  straw-coloured — ^the  white,  irregular 
in  form,  and  changing  these  forms — the  liquor  sanguinis  colour^ 
less,  and  free  from  the  appearance  of  granules  beyond  these 
normally  present  in  blood.  This  result,  considered  along  with 
the  observation  given  in  the  Experiment  V.,  viz.,  that  the  breath- 
ing of  ozonised  air  produced  no  marked  difference  in  the  amount 
of  ozone  in  such  air,  leads  to  the  conclusion  that  oione  does  not 
enter  the  drculatum  at  all. 

How,  then,  does  the  breathing  of  ozonised  air  or  ozonised 
oxygen  interfere  with  the  elimination  of  COg  ?  We  have  seen 
that  death  cannot  have  been  produced  by  the  mixture  of  ozone 
with  air  or  oxygen,  owing  to  its  increased  density,  preventing 
the  elimination  of  the  carbonic  acid ;  the  evidence  before  us 
does  not  warrant  us  in  supposing  that  the  diminution  in  the 
amount  of  oxygen,  due  to  the  conversion  of  a  portion  of  it  into 
ozone,  is  the  cause  of  death :  nor  can  the  condition  of  asphyxia 
be  due  to  the  ozone  acting  upon  the  blood  and  interfering  with 
its  power  of  liberating  the  CO,  from  combination ;  and  lastly, 
the  experiments  of  Eedfern  show  that  death  is  not  due  to  closure 
of  the  glottis,  as  the  result  of  a  reflex  action. 

I  think  that  it  is  very  probable  that  the  non-elimination  of 
COg,  and  the  consequent  death  from  asphyxia,  results  from  the 
ozone,  by  its  oxidising  power,  altering  the  character  of  the  wall 
of  the  air-cells ;  so  that,  wherever  ozone  comes  into  contact  with 
the  wall,  diffusion  of  gases  is  no  longer  possible  or  is  seriously 
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interfered  with  at  that  part  If  the  atmosphere  breathed  by  the 
animal  contains  a  sufficiently  large  amount  of  ozone,  the  whole 
of  the  epithelium  lining  the  air-cells  will  be  affected  and  death 
will  rapidly  occur  from  asphyxia:  if  the  amount  of  ozone  be 
smaller,  a  portion  of  the  air-cells  will  be  affected,  or  the  whole  of 
the  air-cells  may  be  acted  upon  so  as  only  partially  to  prevent 
the  process  of  diffusion.  In  either  case,  death  will  occur  all  the 
more  rapidly  if  the  air  breathed  by  the  animal  contains  an  excess 
of  CO2,  inasmuch  as  this  excess  will  interfere  with  the  elimina- 
tion of  CO,.  But  where  the  amount  of  ozone,  as  in  my 
experiments,  is  not  sufficiently  great  to  affect  all  or  the  majority 
of  the  air-cells,  the  animal  may  not  die  from  asphyxia,  because 
there  are  a  sufficient  number  of  unaffected  air-cells  to  allow  the 
process  of  respiration  to  be  carried  on.  But  death,  in  such  cases, 
results  from  the  oxidising  power  of  the  ozone  causing  inflamma- 
tion of  the  Uning  membrane.  Emphysema  of  a  portion  of .  the 
lungs  may  be  produced,  but  this  condition  must  not  be  regarded 
as  a  cause  of  death,  but  as  an  attempt  to  gain,  by  an  increase  of 
the  air-cells,  an  increase  of  membrane  through  which  the  inter- 
change of  gases  may  take  place.  If  the  amount  of  ozone  be 
still  smaller,  the  animal  may  recover  from  the  bronchitis,  or  it 
may  escape  the  bronchitis  altogether,  the  upper  part  of  the 
respiratory  wall  only  being  affected.  This  occurred  in  several  of 
my  earlier  experiments,  in  which  the  ozone  was  generated  in  a 
simpler  apparatus  and  in  much  smaller  quantities. 

From  the  symptoms  which  I  have  observed,  I  am  of  opinion 
that  the  following  conclusions  regarding  the  effect  of  the  respira- 
tion of  ozonised  air  may  be  drawn : — 

I.  Ozone  depresses  the  nervous  system.  This  effect  is  pro- 
bably a  secondary  one,  and  due  to  the  excess  of  CO,  in 
the  blood. 
II.  Ozone  diminishes  the  number  of  the  normal  respirations, 
and  as  a  result  of  this  diminishes,  in  force  and  fre- 
quency, the  action  of  the  heart. 

III.  That  inhalation  of  ozonised  air  produces  a  diminution  in 

the  normal  amount  of  carbonic  acid  eliminated,  and  in 
the  amount  of  oxygen  absorbed. 

IV.  That  the  diminution  in  the  number  of  respirations,  the 
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diminished  action  of  the  heai*t,  and  the  diminution  in 
the  amount  of  COj  excreted,  are  probably  caused  by  the 
ozone  affecting  the  character  of  the  pulmonary  mucous 
membrane. 
V.  That  the  alteration  of  the  pulmonary  mucous  membrane 
by  ozone  may  be,  if  the  ozone  be  present  in  large 
quantities,  or  if  the  air  breathed  by  the  animal  contains 
a  large  excess  of  carbonic  acid,  sufficiently  marked  to 
produce  death  from  asphyxia  within  an  hour. 

VI.  If  the  proportion  of  ozone  in  the  air  be  less,  the  alteration 
of  the  pulmonary  mucous  membrane  may  not  cause 
death  from  asphyxia,  but  may  cause  death  from 
bronchitis. 
YII.  That  the  inhalation  of  an  atmosphere  containing  I  part 
in  1 00  parts  by  weight  of  air,  for  an  hour,  will  pro- 
bably cause  death  from  bronchitiB. 
VIII.  That  ozonised  air  brought  into  direct  contact  with  blood, 
produces  decolorisation  of  the  red  blood  corpuscles, 
stops  the  amseboid  movements  of  the  white  blood 
corpuscles,  renders  the  nucleus  of  the  corpuscle  apparent, 
and  causes  the  appearance  of  granules  in  the  liquor 
sanguinis. 

IX.  That  this  change  in  the  red  blood  corpuscles  is  probably 
due  to  the  union  of  the  ozone  with  the  hsBmoglobin, 
as  a  result  of  which  a  colourless  compound  is  formed. 
X.  That  there  is  no  evidence  that  the  respiration  of  ozonised 
air  produces  a  diminution  in  the  amount  of  osone  in 
the  air;  nor  is  there  any  evidence  that,  in  the  breath- 
ing of  ozonised  air,  the  ozone  enters  the  circulation. 

Do  these  experiments  lend  any  support  to  Schonbein's  view 
as  to  the  causation  of  epidemics  of  catarrh  by  an  excess  of 
atmospheric  ozone?  I  think  that  there  can  be  no  doubt  but 
that,  if  Qie  atmosphere  contains  a  sufficiently  large  amount  of 
ozone,  catarrh  will  be  produced;  but  inasmuch  as  the  amount 
present  normally  in  the  atmosphere  has  not  been  accurately  de- 
termined, it  is  impossible  to  say  when  the  ozone  is  in  excess. 
If  Houzeau's  estimate  of  the  amount  present  in  the  air  be  a 
reliable  one  (1  part  in  450,000),  then  I  would  expect  that  a  very 
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lai*ge  excess  would  be  necessary  in  order  to  produce  catarrhal 
symptoms;  but  if  Richardson's  estimate  (1  part  in  10,000)  is  to 
be  relied  upon,  then  it  is  quite  possible,  or  even  probable,  that  a 
slight  increase  in  the  amount  may  cause  such  symptoms.  But 
until  the  amount  of  ozone  present  normally  in  the  atmosphere 
has  been  satisfactorily  and  conclusively  estimated,  the  experi- 
ments with  artificially  prepared  ozone  neither  support  nor  oppose 
Schonbein's  view.  But  they  do  show,  I  think,  that  the  inhala- 
tion of  ozonised  air  in  pulmonary  affections  is  a  methpd  of 
treatment  which  should  be  very  carefully,  if  at  all,  employed. 
Personally  I  have,  while  performing  these  experiments  with 
ozonised  air,  suffered  from  an  obstinate  inflammation  of  the 
mucous  membrane  of  the  nose — and  yet,  beyond  breathing  the 
air  of  a  large  room  which  contained  the  ozonised  air  escaping 
from  the  exit  tube  of  the  air-tight  box,  I  have  not  been  exposed 
to  the  action  of  ozone.  The  affection,  however,  I  noticed,  be- 
came much  more  aggravated  and  painful  if  I,  as  a  test  of  the 
presence  of  ozone  at  the  commencement  of  an  experiment, 
sniffed,  however  gently,  the  air  escaping  from  the  exit  tube. 

And  the  experiments  show,  further,  that  the  inhalation  of 
ozonised  air,  having  for  its  object  the  absorption  of  ozone  into 
the  blood,  cannot,  at  present,  be  advocated,  inasmuch  as  ozone 
is  not  absorbed,  and  cannot  therefore  be  of  service  in  increasing 
the  oxidising  power  of  the  blood. 
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Different  hypotheses  have  been  propounded  at  different  times 
to  explain  the  mode  of  propagation  of  nervous  impulses.  Those 
which  meet  with  most  acceptance  at  the  present  day  are  two  in 
number.  First,  the  vibratory  hypothesis,  as  it  may  be  called, 
according  to  which  the  impulse  depends  on  the  displacement  or 
vibration  of  the  nerve  particles ;  second,  the  chemical  hypothesis, 
by  which  the  impulse  is  represented  as  the  result  of  a  series  of 
chemical  changes  in  the  nerve  particles.  Professor  Huxley  holds 
the  Stst  view,  and  in  an  article  "  On  Sensation  and  Sensiferous 
Organs,"  which  appeared  in  the  April  number  of  the  Nineteenth 
Century,  he  quotes  a  passage  from  Hartley's  Observations  on  Man, 
as  containing  a  concise  exposition  of  this  view.  The  passage  is 
as  follows : — "  External  objects  impressed  upon  the  senses  occa- 
sion, first  on  the  nerves  on  which  they  are  impressed,  and  then 
on  the  brain,  vibrations  of  the  small,  and  as  we  may  say,  infini- 
tesimal medullary  particles.  These  vibrations  are  motion  back- 
wards and  forwards  of  the  small  particles;  of  the  same  kind 
with  the  oscillations  of  pendulums  and  the  tremblings  of  the 
particles  of  sounding  bodies.  They  must  be  conceived  to  be 
exceeding  short  and  small,  so  as  not  to  have  the  least  efficacy  to 
disturb  or  move  the  whole  bodies  of  the  nerve  or  brain." 
Further  on  in  this  article,  Professor  Huxley  says — "  It  is  quite 
possible  that  the  particular  mode  of  motion  of  the  object  is  re- 
produced in  the  sensorium,  exactly  as  the  diaphragm  of  the  tele- 
phone reproduces  the  mode  of  motion  taken  up  at  its  receiving 
end."  This  hj^othesis,  it  must  be  admitted,  is  at  first  sight 
plausible,  and  without  doubt  serves  to  explain  several  phenomena 
observed  duriug  the  active  condition  of  the  nervous  system.  But 
notwithstanding  the  support  it  has  received,  I  am  disposed  to 
believe  that  the  weight  of  evidence  is  decidedly  in  favour  of  the 
other — the  chemical  hypothesis ;  and  I  shall  take  the  liberty  of 
directing  attention  to  a  number  of  facts,  which  when  considered 
with  reference  to  the  cumulative  evidence  they  afford,  go  far. 
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in  my  opinion,  to  disprove  the  vibratory,  and  at  the  same  time 
confirm  the  chemical  hypothesis.  What  is  meant  by  the  latter 
hjrpothesis  I  shall  forthwith  proceed  to  explain,  and  shall  subse- 
quently state  the  facts  which  make  for  and  against  the  respect- 
ive hypotheses. 

By  the  chemical  hypothesis  it  is  assumed  that  the  stimulus, 
whether  mechanical,  thermal,  or  electrical,  when  applied  to  a 
nerve,  excites  a  chemical  change  in  its  molecules  or  elementary 
particles,  and  that  this  change  travels  along  the  nerve-like  fire 
along  a  piece  of  wood  or  a  train  of  gunpowder.  The  nervous 
impulse  or  force  is  supposed  to  be  produced  by  the  chemical 
reaction  between  the  nerve  particles  and  the  blood,  just  as  heat 
is  generated  by  the  chemical  reaction  between  the  particles  of 
wood  and  the  oxygen  of  the  atmospheric  air ;  and  the  nervous 
impulse  may  be  considered  an  expression  of  the  chemical  change 
in  the  nerve  somewhat  in  the  same  manner  as  heat  is  an  expres- 
sion of  the  chemical  change  in  the  case  of  the  wood  or  gunpowder. 
But  let  us  see  to  what  extent  this  hypothesis  is  supported  by  facts. 

1.  A  slight  elevation  of  the  temperature  of  the  nerve  occurs 
during  the  conduction  of  an  artificial  stimulus.  Schifif^  and 
Oehl,'  by  means  of  the  thermo-electric  apparatus,  noticed  this 
increase  of  temperature  in  large  nerves  like  tlie  sciatia'  Now, 
it  is  difficult  to  account  for  a  rise  of  temperature  that  could  be 
detected  on  the  vibratory  hypothesis,  or  on  the  supposition  that 
nerves  are  nothing  more  than  mere  conductors,  like  the  wires  of 
the  electric  tel^raph. 

2.  Chemical  changes  take  place  in  nerves  when  in  a  state  of 
activity ;  these  are  probably  of  the  same  nature  as  those  that 
have  been  discovered  in  muscle,  but  are  much  less  in  amount. 
It  can  be  readily  understood  that  it  is  very  difficult  to  make 
satisfactory  analyses  of  the  nerves  on  account  of  their  small 
size — Whence,  no  doubt,  the  discordant  results  arrived  at  by 
different  chemists.  But  the  white  substance  of  the  brain,  which 
is  composed  essentially  of  nervous  filaments,  has  been  carefully 
analysed,  and  has  yielded  tangible  results.     Banke  showed  that 

^  Archives  de  PhysiologUy  vol.  iii.  p.  75,  Paris,  1870. 

*  Quoted  in  CarpeD tor's  Physiology^  p.  612,  1876. 

*  Helmholtz  and  Heidenhain,  however,  it  m  but  just  to  mention,  were  unable 
to  detect  it 
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if  the  brains  of  pigeons  were  deprived  of  blood,  they  absorbed 
oxygen  and  gave  out  carbonic  acid.    Nerves,  after  prolonged 
action,  are  acid  in  reaction   (the  acid  is  lactic  according  to 
fianke) ;  whereas,  nerves,  in  a  state  of  repose,  possess  a  neutral 
reaction.      Urea  and  cholesterin  also  are  said  to  appear  in 
nerves  after  action.     On  the  other  hand,  it  must  be  acknowledged 
that  some  chemists  have  not  found  the  chemical  changes  I  have 
indicated;  and  Dr  M.  Foster,  adopting  their  view,  states  that 
the  chemical  changes  in  nerve  are  insignificant,  or  have  not 
been  satisfactorily  made  out.^    Now,  on  the  vibratory  hypothesis, 
it  may  be  urged  that  these  changes,  comparatively  small  in 
amount  according  to  some  chemists,  result  from  the  waste  of 
the  nervous  tissue  consequent  on  the  vibration  of  the  nerve 
particles.     But  it  is  scarcely  possible  that  the  mere  vibration  of 
particles,  either  in  nerve-cells  or  in  the  nerves  themselves, 
should    give    rise    to    so    much    waste    as    is    indicated    by 
the    chemical    products    formed;    or    that    the    brain  should 
receive  nearly  one-sixth,  by  weight,  of  the  entire  blood  of 
the  body,  and    should  cease  to   perform    its    functions    the 
moment    its    vascular    supply    is    cut    off,    if,    as    on    this 
hypothesis,  blood  were  only  required  by  it  to  supply  the  de- 
ficiency created  by  the  "  wear  and  tear."    Even  Foster  appears  to 
take  this  view;  for  he  says,  "the  actual  amount  of  energy  de- 
veloped by  a  most  powerful  nervous  impulse  is  exceedingly 
slight,  and  hence  chemical  changes  insignificant  in  amount  may 
be  the  cause  of  all  the  phenomena  and  yet  remain  too  slight  to 
be  readily  recognised,"*     Moreover,  we  can  scarcely  imagine 
that  the  potential  part  of  a  nerve  should  be  constituted  by  so 
highly  vitalised  a  product  as  protoplasm,  which  exhibits  so  great 
a  readiness  to  undergo  chemical  change,  if  its  sole  function  be 
merely  to  serve  a  mechanical  purpose,  such  as  the  transmission 
of  vibrations;  for  any  other  tissue  might  have  been  as  suitably 
employed  for  such  a  purpose,  since  it  has  been  shown  that  nerves 
are  but  indifferent  conductors  of  electricity,  and  furthermore 
have  not  a  greater  conducting  power  than  other  moist  animal 
textures.^    Besides  the  fact  that  the  chemical  constituents  of 

1  Text  Book  of  Physiology,  p.  48,  1878. 

'  Op.  cU.  p.  79. 

'  Miiller's  Physiology,  translated  by  BaJy,  vol.  i.  p.  684,  1840. 
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nerves  and  nerve-cells  are,  qualitatively,  almost  the  same, 
renders  it  more  than  probable  that  the  nerves  play  some  part  in 
the  generation  of  impulses. 

3.  The  phenomena  of  electrotonus  appear  to  favour  the 
vibratory  hypothesis.  Cyon's  law  to  explain  the  anelectrotonic 
and  cathelectrotonic  zones  of  Pfluger  is  based,  indeed,  on  the 
assumption  that  the  nerve  molecules  may  exist  in  three  states ; 
first,  a  neutral  state,  their  ordinary  condition ;  second,  a  state 
of  increased  mobility  (cathelectrotonus) ;  and  third,  a  state  of 
diminished  mobility  (anelectrotonus).  But  Matteucci,  Hermann, 
Onimus,  Badcliffe,  and  others,  have  shown  by  experiments,  which 
I  need  not  describe,  that  all  the  phenomena  of  electrotonus  may 
be  explained  on  purely  physical  principles,  by  considering  the 
nerves  merely  as  conductors  of  electricity ;  and  that  the  change£f 
in  conductivity  and  excitability  which  occur  in  a  nerve  in  this 
condition  depend  either  on  the  electrolytic  action  of  the  electric 
current  on  the  nerve  [in  which  case  acid  would  be  formed  at  the 
positive  pole,  where  it  would  lower  the  excitability,  and  alkali 
at  the  negative  pole,  where  it  would  raise  the  excitability 
(Onimus)],  or  on  "  an  internal  polarisation  which  appears  at  the 
border  between  the  sheath  and  the  contents  of  the  nerve-tube  " 
(Hermann).* 

4.  It  has  been  ascertained  that  the  excitability  of  a  nerve 
when  exhausted  by  a  direct  current  can  be  restored  more 
promptly  by  stimulation  with  the  inverse  current  than  by  abso- 
lute repose,  and  vice  versa.  In  the  second  place,  it  has  been 
demonstrated  that  any  nerve  when  exhausted  by  a  direct 
cuiTent  is  still  sensitive  to  the  inverse  one.  The  explanation  of 
these  phenomena,  in  terms  of  the  vibratory  hypothesis,  is  that 
the  molecules  are  assisted  in  returning  to  their  original  or 
ordinary  position  by  the  action  of  the  inverse  current ;  but  the 
supposition  that  the  acid  and  alkali  generated  at  the  positive 
and  negative  poles,  by  the  electrolytic  action  of  the  direct 
current,  are  neutralised  respectively  by  the  alkali  and  acid 
formed  on  a  reversal  of  the  current,  would  seem  to  afford  a  more 
satisfactory  explanation. 

5.  Marked  changes  in  the  chemical  composition  of  the  nerves 
destroy   their    excitability.     Strong    alkalies    and    acids,    &c., 

^  Unman  Physiology ^  transluted  by  Gauigce,  p.  846,  1878. 
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abolish  the  excitability  of  a  nerve,  whilst  dilute  solution  of 
chloride  of  sodium  increases  it.  The  cUoride  of  sodium  may 
possibly  act  by  dissolving  the  albuminous  product,  allied  to 
myosin,  which  is  formed  in  the  nerve  during  its  active  con- 
dition, and  so  help  to  prepare  it  for  undergoing  chemical 
changes  anew. 

6.  The  excitability  of  nerves  is  increased  by  heat,  and 
diminished  by  cold.  This  is  explicable  on  the  chemical 
hypothesis,  for  heat  promotes  combustion ;  but  herein  is  the 
vibratory  hypothesis  at  fault,  since  heat  diminishes,  whilst  cold 
increases  the  conductivity  of  metals. 

7.  Fatigue  renders  nerves  less  excitable,  exhaustion  being 
usually  accompanied  by  a  retardation  of  the  impulse-wave. 
The  excitability  of  nerves  depends  on  the  state  of  their  nutri- 
tion ;  and  this,  again,  on  not  only  the  quantity  but  the  quality 
of  the  blood.  These  facts  are  more  easily  interpreted  by  the 
chemical  than  by  the  vibratory  hjrpothesis. 

8.  All  varieties  of  stimuli — mechanical,  thermal,  electrical — 
give  rise  to  the  saine  kind  of  nervous  impulse.  This  fact  alone 
renders  it,  on  the  one  hand,  highly  improbable  that  the  impulse 
is  caused  by  the  vibration  of  the  particles,  and  on  the  other 
hand,  probable,  that  it  originates  in  chemical  action. 

9.  Chemical  combination  can  take  place  with  sufficient  celerity 
to  account  for  the  rate  with  which  a  nervous  impulse  travels 
along  a  nerve.  The  velocity  of  propagation  of  chemical  action 
depends  to  a  considerable  extent,  as  Bunsen  showed  in  the  case 
of  gases,  on  whether  the  combustible  substances  are  pure  or  are 
mixed  with  less  combustible  bodies;  for  by  judiciously  com- 
bining them  in  different  proportions  in  a  series  of  experiments, 
Bunsen  was  able  to  reduce  by  degrees  the  rate  with  which 
ignition  was  propagated  until  he  could  follow  it  with  the  naked 
eye.  He  further,  by  means  of  a  most  ingenious  method,  deter- 
mined the  velocity  with  which  the  ignition  of  gases  tmvelled.^ 
He  found  that  this  velocity  for  pure  hydrogen  and  oxygen  was 
34  metres  (111  feet)  per  second — a  velocity,  it  should  be 
remarked,  identical  with  the  average  velocity  of  the  nervous 
impulse  in  the  motor  and  sensory  nerves  of  man  as  determined 
byHelmholtz.    The  analogy  between  the  two  modes  of  propa- 

^  Philo^phical  MagaziiiCf  vol.  xxxiv,  p.  492,  1867. 
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gation  is  certaioly  strikiag ;  but,  of  course,  I  do  not  intead  to 
suggest  that  the  chemical  change  in  nerve  is  nothing  more  than 
a  union  of  hydrogen  and  oxygen.  I  merely  take  it  as  an  in- 
stance of  the  rapid  propagation  of  chemical  action ;  and  I  would 
call  attention  to  the  whole  series  of  Bunsen's  experiments  as 
tending  undoubtedly  to  throw  considerable  light  on  the  manner 
in  which  chemical  action  may  take  place  in  nerve. 

10.  Lastly,  a  nervous  impulse  presents  the  essential  character 
of  increasing  in  intensity,  in  a  motor  nerve,  in  proportion  to  its 
progress  along  it.  Thus  if  a  stimulus  be  applied  to  the  nerve  at 
the  point  a,  and  again  at  the  point  h,  the  contraction  of  the 


muscle  will  be  much  greater  in  the  former  case  than  in  the  latter  \ 
in  fact,  the  maximum  of  contraction,  as  Pfliiger  pointed  out, 
corresponds  to  the  maximum  of  distance  from  the  muscle.' 
These  results  are  observed  as  well  in  a  nerve  in  connection  with 
the  spinal  cord  as  in  one  whose  connection  with  it  has  Iteen 
severed ;  they  caimot,  therefore,  be  due  to  the  more  section  of 
the  nerve. 

Heidenhain,  too,  lias  shown  that,  in  a  nerve  in  connection  with 
the  spinal  cord,  "  the  amount  of  contraction  of  the  muscle  is  at 
first  lai^, — then  becomes  smaller,  and  finally  increases  somewhat 
again,  as  the  stimulation  is  carried  from  tlie  roots  of  the  nerves 
to  the  muscular  periphery."*  To  explain  this  phenomenon  on 
the  vibratory  hypothesis  seems  to  be  impossible;  for,  if  a 
nerve  were  merely  a  conductor  like  an  iron  wire,  the  impulse 
propagated  along  it  ahould,  owing  to  the  resistance,  which  is 
of  a  frictional  character,  gradually  diminish  from  its  origin. 
Two  views,  however,  have  been  advanced  to  account  for  this 
peculiar  plienomenon.  The  first  is,  that  a  greater  impulse  is 
produced   on  stimulation   of  the   proximal   than  of  the  distal 

'  Mnrej,  sa  the  result  of  his  expcrimcDts,  anivBd  at  a  diflereut  conduaioD  rrom 
Pdiigrr,  but  moat  pliyaial agists  are  now  convinced  of  the  accuracy  of  FSiigtr's 
ex[>enmenU. 

'  Fuslci's  Fhysio'iiijii,  p-  71. 
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portions  af  a  nerve,  because  the  former  are  the  more  excitable. 
The  cause  of  thia  increased  excitability  is  believed  by  some 
physiologists  to  be  "the  proximity  of  the  central  orgao  with 
which  the  nerve  la  connected  " ; '  by  others,  that  "  the  structure 
of  the  nerve,  and  especially  of  its  sheath,  may  be  more  delicate 
in  those  parts  which  are  more  protected,  and  that  it  conse- 
quently there  more  readily  responds  to  impressions."  *  But 
the  results  in  question  do  not  follow  stimulation  of  the  proximal 
end  only,  so  that  the  proximity  of  the  central  oi^an  cannot  be 
the  true  cause ;  and,  though  the  structure  of  a  nerve  ia  most 
delicate  at  ila  origin  and  ite  termioation,  I  think  it  has  yet 
to  be  shown  that  its  nerves,  in  their  course,  become  gradually  less 
delicate  or  their  sheaths  gradually  thicker ;  yet  this  ought  neces  - 
sarily  to  be  the  case,  else  the  cause  assigned  for  the  increased 
excitability  cannot  be  the  true  one.    Thus,  in  order  that  the 


latter  explanation  hold  good,  it  would  be  reqiusite  that  the 
sheath  of  the  nerve  should,  as  shown  in  the  diagram,  increase 
in  thickness  from  a  to  c;  but  if  it  does  not,  then  coUcris  paribus, 
a  stimulus  applied  at  c  should  give  a  greater  result  than  when 
applied  at  b. 

The  second  view  r^rding  tliis  phenomenon  was  given  by 
Pfliiger :  it  assumes  that  the  impulse  gains  force  in  its  descent 
along  the  nerve  like  an  avalanche.  This,  however,  is  rather  an 
illustration  of  the  phenomenon  than  an  explanation  of  its  cause. 
The  only  objection  to  it  appears  to  be  that  the  "  negative 
variation"  probably  diminishes  its  intensity  as  it  passes  along 
the  nerve  (Du  Bois-Reymond) ;  but  the  observations  on  this 
point  have  not  been  sufficiently  numerous  to  entitle  us  to  draw 
a  general  conclusion  from  them.  It  occurs  to  me  that  the 
explanation  which  is  on  the   whole   the  most  satisfactory  is 

'  Hermann's  Physiology,  p.  S44,  ISTS. 
■  Carpenter's  Fhytiotogy,  p.  SIS,  187S. 
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afforded  by  a  consideration  of  the  mode  of  propagation  of  the 
nervous  impulse  as  assumed  by  the  chemical  hypothesis.  We 
can  imagine  a  nervous  impulse,  generated  as  the  result  of 
chemical  change  in  the  particles  or  in  the  cross-section  of  a 
nerve  at  the  seat  of  stimulation ;  and,  as  it  passes  towards  the 
muscle,  becoming  slightly  increased  at  each  cross-section  of  the 
nerve,  owing  to  chemical  action,  the  total  addition  made  to  the 
original  impulse  being  in  some  degree  proportional  to  the  dis- 
tance it  has  travelled  along  the  nerve.  We  might  illustrate 
this  hypothesis  by  a  chain  of  Darnell's  cells  or  a  thermo-pile,  in 
which  the  cells  and  the  junctions  would  each  of  them  respect- 
ively correspond  to  a  cross-section  of  a  nerve  undergoing 
chemical  change;  and  as  in  this  illustration  the  amount  of 
electricity  produced  is,  within  certain  limits,  proportional  to  the 
number  of  cells  or  metallic  combinations,  so  is  the  nervous 
impulse  increased  by  an  addition  at  each  cross-section  as  it  pro- 
ciBeds  onwards.  Another  illustration — ^but  this,  like  the  others, 
is  only  an  illustration — ^is  presented  by  the  burning  of  a  piece  of 
wood.  The  heat  developed  by  the  combustion  of  the  first  portion 
raises  the  temperature  of  the  succeeding  portions,  so  that  they 
bum  more  rapidly — more  vigorously,  that  is,  they  give  out  more 
energy  when  the  fire  reaches  them. 

Whether  the  nervous  impulse  is  a  force  in  some  respects 
resembling  electricity,  generated  by,  but  distinct  from,  chemical 
action,  or  whether  it  is  merely  altered  chemical  force,  possessing 
no  separate  and  independent  existence,  I  do  not  pretend  to  say, 
though  I  am  disposed  to  take  the  first  view ;  but  either  concep- 
tion may  be  held  consistently  with  the  chemical  hypothesis  of 
the  propagation  of  nervous  impulses. 


NOTE. 

Herbert  Spencer,  I  may  add,  holds  the  chemical  hypothesis  in 
a  somewhat  modified  form.  He  believes  the  chemical  change  in 
a  nerve-cell  to  be  of  the  nature  decomposition,  and  the  chemical 
change  in  a  nerve  to  be  of  the  nature  of  isomeric  transformcUion, 
The  first  change,  that  of  decomposition,  he  says,  is  "usually 
accompanied   by   a   gi-eat  dissipation  of  motion,  whereas   the 
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motion  given  out  or  taken  up  along  with  the  other  (the  isomeric 
transformation)  is  relatively  insignificant"  ^  To  this  view,  at 
least  in  so  far  as  the  motion  of  molecules  is  made  to  depend  on 
chemical  change,  I  do  not  think  any  serious  objection  can  be 
raised ;  however,  granting  the  existence  of  isomeric  transforma- 
tion as  a  factor  in  the  production  of  nervous  impulses,  it  seems 
highly  probable,  from  what  I  have  stated  above,  that  chemical 
decomposition  takes  place  in  nerves  as  well  as  in  nerve-cells. 
Chemical  change  in  nervous  matter  will  no  doubt  give  rise  to 
more  or  less  molecular  or  vibratory  movement  of  the  nerve 
particles ;  accordingly,  to  a  certain  extent,  the  chemical  hypothesis 
may  be  regarded  as  including  the  vibratory  hypothesis.  But  this 
is  far  from  being  equivalent  to  affirming  that  a  nervous  impulse 
is  propagated  solely  by  vibration  of  molecules  irrespective  of 
chemical  change  except  as  the  result  of  the  waste  of  nervous 
tissue. 

*  Principles  of  Psychologyy  voL  i.  !>.  21,  1870. 
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NOTE  ON  LOGWOOD  STAINING  SOLUTION. 
By  Edmund  Alleynb  Cook,  Ph.D.,  F.C.S.* 

In  most  histological  text  books  this  colouring  material  is  stated 
to  be  good  in  its  results  but  uncertain  in  its  action;  and  from  the 
numbers  of  formulae  given  for  the  preparation  of  the  solution,  it 
is  evident  that  many  experimenters  have  endeavoured,  without 
apparent  success,  to  hit  upon  a  combination  which  would  be 
satisfactoiy  in  all  points.  The  chemical  nature  of  the  colouring 
material  of  logwood  is  fairly  stable,  and  affords  no  reason  for  any 
uncertainty,  and  it  appeared  desirable  to  determine  under  what 
conditions  the  solution  could  be  made*  to  yield  the  best  results. 

The  coloiuing  material  of  logwood  consists  of  two  substances 
— hsematoxyliu  and  hsemateiu,  the  one  difiering  from  the  other 
by  two  equivalents  of  hydrogen.  Haematoxylin,  the  colouring 
matter  containing  the  larger  amount  of  hydrogen,  is  soluble  in 
alum  solution,  while  the  hs^matein  is  slightly,  if  at  all  so. 
The  latter  is  of  no  use  to  the  histologist  for  colouring  animal 
tissues.  Hdematoxylin  forms  compounds  with  various  metallic 
oxides,  which  are  soluble  in  alum  solution  also ;  and  if  a  tissue 
be  stained  with  hsematoxylin,  or  with  haematoxylin  and  a 
metallic  oxide,  and  immersed  in  an  aqueous  solution  of  alum,  the 
colour  will  be  all  discharged  from  the  tissue  and  taken  up  by 
the  solution ;  and  the  solution  of  alum  will  thus  take  up  fresh 
quantities  of  hssmatoxylin  compound  until  it  reaches  a  {)oint  of 
saturation  beyond  which  it  will  take  no  more  from  tissues,  but 
will,  if  over-saturated  with  it,  give  up  the  colouring  matter  freely 
to  immersed  animal  material.  Such  a  solution  of  hematoxylin, 
alum,  and  metallic  oxide  has  a  clear  purple  colour,  becoming  I'ed 
on  addition  of  acids.  If  alkaline  earths,  alumina,  or  hydrated 
earthy  phosphates  be  suspended  in  it,  they  will  absorb  the  colour, 
and  the  solution  becomes  purple.  If  the  solution  be  treated  with 
a  very  small  percentage  of  a  chromate,  the  purple  will  gradually 
be  replaced  by  a  yellowish-brown  colour ;  or  if  a  tissue  which 
has  been  stained  with  alum-logwood  solution  be  immersed  in  an 

^  From  the  Physiological  liaborstory.  University  of  Gla^ow. 
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exceediDgly  dilate  bichromate  solution,  the  purple  will  sooner 
or  later  be  replaced  by  the  yellow  tint  If  a  section  of  any 
abnormal  caseous  concretion  or  abnormal  growth  be  immersed  in 
a  neutral  solution  of  alum-logwood,  it  will  become  of  a  more 
bluish  purple  than  ordinary  tissue,  evidently  from  the  presence 
in  it  of  more  than  an  ordinary  amount  of  alkaline  earthy  matter 
or  phosphate. 

When  the  above  facts  are  taken  into  consideration,  it  will 
appear  unreasonable  to  expect  tissues  hardened  in  chromic 
solutions  of  any  kind  to  colour  as  readily  with  an  ordinary  log- 
wood solution  as  they  would  do  if  immersed  in  the  fresh  state, 
notwithstanding  the  assertion  of  any  experimenters  to  the  con- 
trary. Sections  of  chromic-hardened  tissues  are  exceptionally 
difficult  to  free  from  chromic  compounds,  most  probably  because 
part  of  the  chromic  acid  is  in  chemical  combination  and  in- 
soluble, and  when  freed  from  the  hardening  material  the  tissues 
will  not  be  left  in  the  natural  neutral  state,  and  thus  less  readily 
will  the  nuclei  take  up  the  colour.  But  it  has  been  found  that 
hardened  tissues  if  cut  into  sections  and  well  washed,  may  be  as 
readily  stained  with  logwood  as  fresh  tissues  if  the  solution  be 
slightly  modified. 

It  has  been  found  that  the  cheapest  and  most  practical  log- 
wood solution  may  be  made  as  follows  : — 

Take  Logwood  extract,       .  .  6  parts. 

Alum,        ■     .  .  .  6     „ 

Sulphate  of  copper,    .  .  1     „ 

Water,  .  .  .  40     „ 

AU  ingredients  must  be  free  from  iron. 

Grind  the  alum,  logwood  extract,  and  sulphate  of  copper  in  a 
mortar,  and  when  powdered  add  sufficient  water  to  form  a  thin 
paste ;  leave  for  one  or  two  days,  with  occasional  stirring,  and 
then  filter.  The  hsematein  contained  in  the  logwood  extract  will 
be  retained  by  the  filter  with  the  dirt,  and  the  solution  consists 
of  hsematoxylin,  alum,  and  sulphate  of  copper,  to  which  a  crystal 
of  thymol  may  be  added  to  preserve  it  from  mould.  Fresh  or 
alcohol-hardened  tissues  may  be  stained  with  this  after  sufficient 
dilution;  but  for  chromic-hardened  tissues,  dilute  8  drops 
with  120  drops  of  water,  and  add  1  drop  of  ^  per  cent,  solution 
of  bichromate  of  potash  just  prior  to  use.    Wash  the  stained 
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solutions  in  water  as  usual.  N,B, — A  larger  proportion  of 
bichromate  solution  will  produce  an  ugly  yellow;  and  if  the 
mixed  solution  be  kept  many  hours,  some  decomposition  will 
go  on. 

Tissues  stained  in  logwood  may  be  mounted  in  glycerine  or 
Farrant's  solution  or  in  dammar.  In  the  two  former  they  keep 
unchanged  for  any  length  of  time,  in  the  latter  they  are  apt  to 
fade  unless  care  be  taken,  in  preparing  them  for  dammar,  that 
the  sections  be  thoroughly  freed  from  water  by  absolute  alcohol 
before  being  brought  into  contact  with  oil  of  cloves.  If  any 
moisture  be  left,  fading  will  soon  commence,  and  the  preparation 
be  spoiled. 
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CASE  OF  developme:nt  of  hair  on  the  eye-ball 

OF  a  dog.     By  G.  E.  Dobson,  M.A.,  M.B.,  &c. 

A  REMAiUCABiiB  casB  of  development  of  the  hair,  resembling  in  all  re- 
spects that  of  the  ordinary  integument,  on  the  eye-ball  of  a  dog  has 
lately  come  under  my  notice,  and  as  I  cannot  find  that  a  similar 
condition  has  been  previously  described,  I  proceed  to  give  an  account 
of  this  striking  abnormality,  which  clearly  demonstrates  the  correct- 
ness of  the  views  of  embryologists  with  regard  to  the  homology  of  one 
at  least  of  the  structures  entering  into  the  formation  of  the  organ  of 
vision. 

Lately,  while  on  a  voyage  to  Ceylon,  I  observed  on  board  the  ship 
a  dog — a  kind  of  mongrel  bull-terrier — ^which  appeared  to  be  suffering 
some  obstruction  of  the  lachrymal  duct,  as  the  side  of  his  face  was 
kept  constantly  moistened  by  the  overflowing  tears.  The  owner  of 
the  dog,  however,  informed  me  that  this  condition  was  due  to  the 
presence  of  a  wart  on  the  eye-ball,  which  had  always  been  there. 

Having  placed  the  dog  under  chloroform,  I  was  enabled  to  examine 
the  eye  with  facility.  I  found  that  a  portion  of  the  outer  surface  of 
the  right  eye-ball — triangular  in  outline,  having  its  base  along  the 
margin  of  the  cornea,  and  its  apex  near  the  external  canthus — was 
occupied  by  hair-clothed  skin,  peidFectly  similar  in  all  respects  to  the  ex- 
ternal integument  covering  the  dog's  face  and  body,  the  hairs  being  also 
quite  similar  in  length,  and  even  in  colour,  to  those  on  the  cheek  of 
the  animal  The  extent  of  the  hair-covered  patch  corresponded  to  the 
angular  space  left  uncovered  when  the  eyelids  were  normally  open, 
and  the  hairs,  which  were  equal  in  length,  and  densely  set,  ended 
abruptly,  so  that  it  appeared  as  if  a  portion  of  the  outer  integument, 
with  hair  attached,  had  been  very  carefully  grafted  upon  the  eye-ball. 
Owing  to  these  hairs  projecting  beyond  the  eyelids,  the  latter  could 
not  be  accurately  closed,  and  during  sleep  these  hairs  being  pressed 
between  the  lids  conducted  the  tears  outwards  upon  the  cheek,  causing 
the  fur  on  that  side  to  appear  of  a  darker  colour,  owing  to  the  constant 
state  of  moisture  it  was  maintained  in.  A  careful  examination 
showed  that  the  sclerotic,  though  perfectly  developed  all  round  this 
triangular  patch,  was  evidently  rudimentary,  or  very  thin  beneath  it, 
and  I  was  convinced  that  any  attempt  to  remove  the  patch  would  be 
followed  inevitably  by  protrusion  of  the  contents  or  the  eye-baU.  In 
all  other  respects  the  eye  was  normal,  the  external  canthus  perfectly 
formed,  and  the  eye-lashes  as  well  developed  as  in  the  other  eye. 

Here  then  we  have  a  most  interesting  demonstration  of  the 
homology  of  the  conjunctiva  with  the  integument  of  the  body,  show- 
ing how  correctly  the  true  relations  of  this  structure  have  been  worked 
out  by  embryologists.  It  is  also  worth  noting,  that  in  the  same  animal, 
though  full  grown,  the  testes  had  not  descended,  and  there  was  no 
trace  of  a  scrotal  sac-panother  instance  of  arrested  development. 


NOTE  ON  GIACOMINrS  METHOD  OF  PEESERVING 
THE  BRAIN.     By  Dr  Oslbr,  Montreal 

I  HAVK  employed  this  method  (see  Prof.  Turner's  report  in  this 
Joumalj  vol.  xiiL  p.  282)  with  the  greatest  success,  and  can  strongly 
recommend  it  to  all  who  wish  to  prepare  brains  for  demonstrative  or 
museum  purposes.  After  varnishing  they  look  like  beautiful  wax 
casts,  and  when  I  demonstrated  the  specimens  at  the  Medioo- 
ChiruTgical  Society  of  this  city,  many  of  the  members  could  scarcely 
believe  that  they  were  not  artificial  models.  With  the  convolutions 
labelled  on  the  one  side,  and  Ferrier's  centres  mapped  on  the  other^  they 
make  fine  museum  specimens — just  fitting  under  the  7\  inch  glass 
shades.  Such  cortical  lesions  as  superficial  spots  of  softening  show 
remarkably  well  by  this  method. 

In  the  details  of  the  process  I  have  accurately  followed  the 
directions  above  referred  to,  though,  where  the  organ  is  perfectly  fresh 
and  firm,  I  think  it  better  to  remove  the  pia  mater  at  once,  and  not 
wait  for  forty-eight  hours  as  recommended.  The  glycerine  should 
be  good,  otherwise  the  convolutions  lose  colour. 
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THE  MORPHOLOGY  OF  THE  OLFACTORY  ORGANS. 

Mr  A.  MiiiNTBs  Marshall,  Fellow  of  St  John's  College,  Cambridge, 
gives,  in  the  Quarterly  Journal  of  Microscopical  Science^  his  researches 
on  this  subject  in  the  dog-fish,  trout,  salmon,  axolott,  frog,  lizard,  and 
chick.  He  finds  that  the  olfactory  nerves  are  solid,  and  agree  com- 
pletely in  histological  characters  with  the  other  cranial  nerves ;  they 
appear  very  early,  and  are  at  first  connected  with  the  fore-brain,  and 
^  not  with  the  cerebral  hemispheres ;  they  arise  like  the  other  cranial 

nerves,  except  the  optic  sixth  and  fourth  (?)  from  the  upper  part  of 
the  fore-brain,  from  the  neural  crest,  ue.,  the  crest  formed  by  the  fusion 
of  the  two  neural  ridges  which  grow  out  from  the  re-entering  angles 
between  the  external  epiblast  and  the  neural  canal,  and  from  which  the 
nerves,  whether  cranial  or  spinal,  arise.  Subsequently  the  upward  and 
forward  growth  of  the  hemispheres  drives  the  olfactory  nerves  down 
to  the  base  of  the  brain,  and  so  causes  these  nerves  to  appear  to  arise 
from  their  under  and  fore  part.  The  connection  of  the  olfactory 
nerves  with  the  epithelium  of  the  olfactory  pit  is  acquired  at  a  very 
early  date.  An  olfactory  lobe,  when  present  at  all,  does  not  appear 
^  till  an  exceedingly  late  period  of  development.     On  this  last  point  Mr 

Marshall  shows  that  Remak's  later  statements  are  in  accordance  with 
his  own,  but  have  been  overlooked  by  most  recent  writers,  who  have 
continued  to  repeat  the  earlier  and  incorrect  statements  of  that 
eminent  embryologist  respecting  the  development  of  the  olfactory 
vesicle. 

The  segmental  value  of  the  olfactory  nerve,  and  its  relation  to  the 
cerebral  and  skeletal  segments,  are  discussed  at  much  length.  The 
segments  of  the  brain  are — 1.  The  hind-brain,  from  the  first  vesicle 
of  which  the  fifth  nerve  arises ;  from  the  second  vesicle  the  facial  (of 
which  the  auditory  is  regarded  as  a  specialised  branch) ;  and  farther 
back  arise  the  glosso-pharyngeal  and  the  successive  branches  of  the 
vagus.  From  the  mid-brain  arises  the  third  or  oculo-motor  nerve.  All 
these  segmental  nerves  agree  in  the  following  characters  : — (1)  They 
appear  early ;  (2)  they  arise  from  the  neural  crest,  or  the  mid-dorsal 
surface  of  the  brain;  (3)  they  soon  are  shifted  downwards  to  the 
sides  of  the  brain;  (4)  they  present,  at  least  in  their  early  stages, 
ganglionic  enlargements,  on  or  close  to  their  roots  of  origin ;  (5)  their 
course  is  at  right  angles  to  the  longitudinal  axis  of  the  head ;  (6)  they 
have  definite  relations  to  the  segments  of  the  head,  as  indicated  by 
each  nerve  supplying  two  sides  of  a  visceral  cleft.  To  these  tests  the 
fourth  and  sixth  nerves  do  not  correspond,  and  they  cannot  be  regarded 
as  segmental,  also  the  optic,  though  this  may  turn  out  to  have  seg- 
mental value.  The  olfactory  nerve  appears  to  answer  to  them  all, 
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and  is  therefore  regarded  as  the  nerve  of  the  fore-brain.  The  olfactory 
lobe,  from  its  later  appearance,  the  varying  periods  of  its  appearance, 
and  its  having  no  relation  to  the  original  position  of  the  nerve,  may  be 
viewed  rather  as  adult  or  adaptative  than  as  an  embryonic  or  primitive 
structure. 

With  regard  to  the  relation  of  the  olfactory  nerve  to  the  skeletal 
segments  and  visceral  clefts,  Mr  Marshall  gives  reasons  for  thinking 
that  the  olfactory  pit  is  really  one  of  the  foremost  of  the  visceral  clefts. 
It  is  in  series  with  and  parallel  to  the  others ;  and  the  very  close 
resemblance  as  to  form,  structure,  general  relations,  &c.,  during  the 
stages  of  development,  and  the  time  of  appec^nce  existing  between 
the  olfactory  organ  and  the  gill  clefts,  are  sufficient  to  raise  a  strong 
probability  that  they  are  homologous  structures.  Not  only  do  the 
Schneiderian  folds  and  the  gills  appear  at  the  same  time,  and  agree 
completely  in  structure,  but  in  no  other  part  of  the  body  do  similar 
structures  occur  at  any  period.  The  conclusions  are  —  tliat  the 
olfactory  organ  is  the  most  anterior  visceral  deft ;  that  the  olfactory 
nerve  is  the  segmental  nerve  supplying  the  two  sides  of  thai  deft  in  a 
manner  precisely  similar  to  that  in  which  the  hinder  defts  are  supplied 
by  their  respective  nerves ;  and  that  the  Sdineiderian  folds  are  the 
homologttes  of  gills. 

As  to  the  clefts,  the  most  anterior  is  the  olfactory ;  next  to  that, 
following  Parker,  is  the  lachrymal,  in  front  of  the  maxillary  arch,  to 
which  the  third  nerve  is  related;  next,  the  buccal  or  mouth  cleft, 
between  the  maxillary  and  mandibular  arches,  to  which  the  fifth 
nerve  is  related ;  behind  this  is  the  hyomandibular  or  spiracular  cleft, 
supplied  by  the  facial  nerve ;  and,  then,  the  branchial  clefts  supplied 
by  the  glosso-pharyngeal  and  by  the  several  branches  of  the  vagus. 

The  question  is  next  discussed  whether  the  visceral  clefts  are  to  be 
viewed  as  intersegmental,  i.e.,  as  corresponding  to  the  lines  of  separa- 
tion of  the  original  segments  by  the  fusion  of  which  we  suppose 
the  vertebrate  head  to  have  been  formed ;  or  as  intrasegmental,  i.e.,  as 
apertures  formed  in  the  substance  of  the  segments.  The  disposition 
of  the  segmental  nerves,  each  supplying  two  visceral  arches  and  only 
one  cleft  and  certain  other  considerations,  incline  the  author  to  the 
latter  view,  which  is  in  opposition  to  the  commonly  received  opinion ; 
and  this  view  acquires  some  additional  interest  in  connection  with  Dr 
Dohrn's  suggestion  that  the  visceral  clefts  are  the  homologues  of  the 
segmental  organs.  The  segmentations  of  the  visceral  clefts  are 
produced  not  by  segmentation  of  the  mesoblast,  but  by  the  growth 
of  diverticula  from  the  alimentary  canal;  and  such  diverticula  in 
invertebrates  are  rather  segmental  than  intersegmental 

The  trabeculce  cranii,  running  parallel  to  the  longitudinal  axis  of 
the  head,  and  at  right  angles  to  the  segmental  nerves  and  structures, 
must  be  regarded  as  axial  structures,  and  not  as  arches.  The  labial 
cartilages  grouped  round  the  external  aperture  of  the  olfactory  organ, 
like  those  in  connection  with  the  gape  of  the  mouth,  appear,  as 
suggested  by  Parker,  to  be  the  homologues  of  the  extra-branchial 
cartilages. 
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The  various  arguments  adduced  in  favour  of  these  views  are,  the 
author  thinks,  sul&cient  to  outweigh  the  objection  that  may  he  raised 
from  the  fact  that  olfactory  organs  are  involutions  of  the  external 
epiblast,  while  the  visceral  clefts  are  formed  by  diverticula  of  the 
hypoblast  of  the  foregut  Moreover,  slight  ingrowths  of  the  epiblast 
towards  the  hypoblastic  outgrowths  of  the  pharynx  may  occur ;  and  it 
is  still  a  matter  of  uncertainty  whether  some  of  the  gills  are  not 
epiblastic  rather  than  hypoblastic.  The  position  of  tilie  olfactory 
organ  in  front  of  the  oral  aperture,  which  might  seem  to  be  inconsistent 
with  its  being  a  gill  slit,  is  probably  due,  firstly,  to  the  hypertrophy 
of  the  fore  part  of  the  head  carrying  the  olfactory  sacs  forwards ;  ancl, 
secondly,  to  an  actual  shifting  backwards  of  the  median  element  of 
the  moutL 


THE  PLACENTA  IN  THE  SLOTH. 

M.  N.  Jolt  has  recorded  in  the  Comptes  Rendus  de  TAcadeinie  des 
ScieneeSf  12th  August  1878,  his  investigations  on  the  placenta  of 
Bradypm  triddctylus,  and  has  discussed  the  question  of  its  classifica- 
tion. He  had  accidentally  come  into  possession  of  a  specimen  of  the 
foDtus  and  its  membranes,  but  he  does  not  say  whether  in  the  fresh 
condition,  or  after  preservation  in  spirits.  He  describes  the  placenta 
as  constituted  by  the  amnion  and  chorion,  and  furnished  on  almost  the 
whole  of  its  external  surface  with  a  great  number — more  than  a  hundred 
— of  lobules  or  cotyledons,  of  a  more  or  less  irregular  figure,  and  varying 
in  dimensions  from  1  mm.  to  1  or  2  cm. 

Looked  at  on  their  outer  face,  the  cotyledons  were  in  some  instances 
shaped  like  nummulites,  others  had  the  form  and  size  of  grains  of 
millet ;  but  those  of  largest  size  were  like  the  multilobed  kidneys  of 
birds  or  of  certain  ophidians.     Some  more  or  less  spacious  cavities,  in 
which  were  doubtless  inserted  the  vessels  of  the  hypertrophied  mucous 
membrane,  were  to  be  seen  on  the  outer  face  of  the  foetal  placenta. 
On  the  inner  face  the  lobules  formed  numerous  circumscribed  swellings, 
often  more  than  one  cm.  thick,  adhering  strongly  to  the  chorion  by 
their  base,  but  for  the  most  part  free  in  the  rest  of  their  extent,  and 
generally  encompassed  by  the  principal  ramifications  of  the  vessels 
which  pass  into  their  interior.    M.  Joly  then  refers  to  the  often-quoted 
notice  by  Cams,  who  compared  the  placenta  of  the  sloth  to  that  of  the 
Ruminants,  and  points  out  that  in  the  sloth  the  lobes  are  contiguous, 
and  not  isolated  and  separated  from  each  other  like  the  cotyledons  of 
a  cow  or  sheep.     He  then  proceeds  to  compare  the  placenta  of  Brady- 
pvs  with  that  of  Propithecus  described  by  M.  A.  Milne  Edwards.     In 
BradypuSy  he  says,  as  in  Propithecu$,  the  chorion  is  almost  entirely 
covered  by  compactly  arranged  villi,  and  resulting  from  the  confluence 
of  a  number  of  irregular  cotyledons,  and  that  the  lobes  of  the  placenta 
diminish  in  number  and  thickness  in  proximity  to  the  cephalic  pole ; 
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the  two,  in  his  opinion,  so  closely  resembling  each  other  as  to  lead  to 
the  conclusion  that  the  sloth  is  a  Lemurian  and  not  an  Edentate. 

M.  Joly  makes  no  reference  to  and  is  apparently  unacquainted  with 
the  memoirs  by  Professor  Turner  on  the  Placentation  of  the  Sloths,  in 
the  Trans,  Roy.  8oc,  Edinburgh^  1873,  and  on  the  Placentation  of  the 
Lemurs,  in  the  Trans.  Boy,  8oc.  London,  1876.  Had  he  been  so,  he 
would  have  seen  that  the  placentsB  in  these  animals  differ  from  each 
other  in  many  most  important  particulars.  The  specimen  which  he  had 
for  examination  was  obviously  a  separated  placenta,  and  as  such  was  not 
in  a  condition  to  give  him  a  full  conception  of  the  structure  of  the 
organ.  He  had  apparently  satisfied  himself  with  a  naked-eye  examina- 
tion of  the  placenta,  for  he  makes  no  mention  of  having  submitted  it 
to  microscopic  examination.  On  the  other  hand,  the  specimen  from  a 
two-toed  sloth,  Gholopus  Hoffnumni^  examined  by  Professor  Turner, 
quite  fresh  and  attached  to  the  uterus,  was  subjected  to  a  minute 
microscopic  examination  both  of  the  foetal  and  maternal  portions  of  the 
placenta.  The  conclusion  which  the  latter  anatomist  arrived  at  was 
that  the  placenta  in  the  sloths  was  dome-shaped  and  deciduate,  and 
built  up  of  many  closely  aggregated  discoid  lobes.  In  Propitkecus 
and  the  Lemurs,  on  the  other  hand,  the  placenta  is  non-deciduate  and 
diffused.  In  the  special  arrangements  of  some  of  the  other  organs,  how- 
ever, affinities  do  undoubtedly  exist  between  the  Sloths  and  the  Lemur& 

M.  Joly  makes  no  mention  of  the  membrane  enveloping  the  foetus, 
called  by  Welcker  epitrichium,  described  by  that  anatomist  and  by 
Turner. 
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THE  INTRINSIC  MUSCLES  OF  THE  MARSUPIAL 
HAND.  By  Alfred  H.  Young,  M.B.,  late  AsaistarU 
Lecturer  on  Anatomy,  The  Owens  College,  Manchester. 
(Plate  VII.) 

The  intrinsic  muscles  met  with  in  the  marsupial  hand  have 
recently  been  invested  with  more  than  ordinary  interest,  from 
the  fact  that,  by  reason  of  their  peculiar  disposition  in  the 
Thylacine,  Cuscus,  and  Phascogale  into  definite  layers  or  groups, 
they  have  suggested  an  actual  type  of  arrangement  to  which  the 
similar  structures  both  in  the  hand  and  foot  of  all  mammals  are 
said  to  conform,^  deviations  from  it  being  ascribed  "  either  to  sup- 
pression or  fusion  of  certain  of  the  elements  of  the  different 
layers."  Such  a  generalisation  must  necessarily  be  rendered 
more  valuable  by  the  augmentation  of  evidence  upon  which  it 
is  founded,  hence  I  have  thought  a  description  of  the  hand 
muscles  in  marsupials,  other  than  the  above  mentioned,  would 
not  be  without  interest  and  value,  and  this  more  especially, 
seeing  that  in  three  of  the  animals  referred  to, — ^viz.,  the  Opossum, 
the  Wallaby,  and  the  YeUow-footed  Rock  Kangaroo, — ^the  very 
sjrmmetrical  character  of  the  manus  promised  a  close  adherence 
to  a  definite  typa 

The  animals  selected  for  dissection  included  the  Opos- 
sum (Didelphys  virginiana),  Wallaby  {Halmaiums  luUabattcs), 
YeUow-footed  Rock  Kangaroo  (Fetrogale  xanthopus),  Wombat 

^  D.  J.  Cnnmngliam,  *'  The  Intrinsic  Muscles  of  the  Hand  of  the  Thylacine, 
CnscQS,  and  Phascogale,**  Joum,  of  Anat.  and  Phys.  vol.  xii.  p.  484.  "  The 
Intrinsic  Muscles  of  the  Mammalian  Foot,"  Joum,  of  Anat.  and  Phys.  vol. 
xiii.  p.  1. 

VOL.  XIV.  L 


150  MR  ALFRED  H.  YOUNG. 

(Phascolomys  wombat),  and  the  Koala  (Phascdardos  dTierevs). 
For  the  opportunity  of  examining  the  three  first  named,  I  am 
indebted  to  Mr  R  E.  Holding;  the  remaining  specimens  are 
from  the  stores  of  the  Owens  College. 

Before  proceeding  to  a  description  of  the  muscles  in  question, 
it  may  be  advisable  to  briefly  recapitulate  the  leading  features 
of  their  so-called  typical  arrangement ;  these  will  be  found  in 
extcTiso  embodied  in  the  highly  interesting  and  suggestive  papers 
by  Dr  D.  J.  Cunningham,  to  which  reference  has  already  been 
made.  Basing  his  classification  no  less  on  anatomical  than  on 
physiological  considerations,  Dr  Cunningham  deems  the  intrinsic 
muscles  of  the  hand  and  foot  to  be  disposed  in  three  layers — 

1.  A  plantar  layer  of  "  axiductoreSy' 

2.  An  intermediate  layer  of  ''fiexorea  breves,** 

3.  A  dorsal  layer  of  "  oMudores** 

these  being  arranged  in  three  more  or  less  well-defined  planes, 
diflferentiated  from  each  other  both  by  position  and  function. 

So  far  as  the  marsupial  manus  is  concerned,  my  observations 
tend  to  confirm  this  view,  therefore  the  following  descriptive 
accounts  are  given  in  accordance  with  it.  At  the  same  time, 
whilst  adopting  for  convenience  this  mode  of  description  be- 
cause of  its  suitableness  to  the  special  instances  to  which  I  shall 
have  to  refer,  I  do  not  wish  to  be  understood  as  attributing  to  it 
any  "  typical"  importance,  either  with  respect  to  the  Mammalia 
generally,  or  more  particularly  even  to  the  group  of  marsupials 
themselves. 

Opossum. 

The  hand  of  the  Opossum  is  so  bilaterally  symmetrical,  and 
the  trilaminar  arrangement  of  the  intrinsic  muscles  so  definite 
and  well-marked,  that  it  seemed  advisable  to  supplement  the 
description  of  these  muscles  by  illustrative  sketches  of  the 
diflferent  groups.    (See  Plate  VII.  figs.  1,  2,  and  3). 

Pa/mar  Orowp.    (Fig.  1.) 

Four  adductor  muscles  are  comprised  under  this  heading,  they 
are  distributed  respectively  to  the  two  outer  and  the  two  inner 
digits,  and  therefore  consist  of — (1)  an  addudor  pollids;   (2) 
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an  adductor  indicia;  (3)  an  adductor  anntUaria ;  and  (4)  an 
adductor  minimi  digiti.  All  arise  from  a  mesial  tendinous 
raphe,  situated  in  the  region  of  the  palm,  which  extends  from 
the  carpal  ligaments  down  to  the  distal  extremity  of  the 
third  metacarpal  bone.  The  adductor  poUicis  and  the  adductor 
minimi  digiti,  both  triangular  in  shape,  are  large,  thin,  and 
flat  muscles,  of  almost  equal  size ;  they  arise  from  the  whole 
length  of  the  mesial  raphse,  and  are  inserted  by  their  apices,  the' 
former  into  the  base  of  the  first  phalanx  of  the  thumb,  on  its 
ulnar  side,  the  latter  into  the  radial  side  of  the  first  phalanx  of 
the  fifth  digit.  On  a  deeper  plane,  and  indeed  almost  concealed 
by  the  foregoing,  are  the  two  remaining  adductors,  viz.,  those  of 
the  index  and  ring  fingers  respectively.  Very  small  and  feeble, 
they  are  not  easily  separable  from  the  intermediate  group  of 
muscles.  Both  arise,  one  opposite  the  other,  from  the  lower  half 
of  the  raphse  previously  referred  to,  and  pass  to  the  adjacent  sides 
of  their  respective  digits.  The  condition  of  the  two  last  muscles 
is  noteworthy,  as  indicating  a  tendency  to  disappearance,  possibly 
by  fusion  with  the  flexor  group. 

Intermediate  Oroup.    (Fig.  2.) 

This  group,  concealed  in  great  part  by  the  palmar  layer,  is 
constituted  by  a  series  of  ten  muscular  bundles,  arranged  in 
pairs,  which  are  situated  on  the  palmar  aspect  of  the  five 
metacarpal  bones,  each  digit  possessing  its  special  flexor  brevis. 
The  muscles  are  quite  distinct  from  the  dorsal  group. 

The  flexor  brevis  pollicis  is  the  smallest  of  the  group ;  its 
two  muscular  bellies  arise  in  common  from  the  distal  row  of 
the  carpus,  and  are  inserted  into  the  base  of  the  first  phalanx 
of  the  thumb,  one  upon  either  side. 

Flexor  brevis  minimi  digiti  is  somewhat  stronger  than  the 
flexor  pollicis ;  its  ulnar  belly  arises  from  the  unciform  hook, 
whilst  that  more  radial  in  position  springs  from  the  base  of  the 
fifth  metacarpal  bone,  as  well  as  from  the  adjoining  ligaments. 
The  insertion  of  each  belly  is  into  the  corresponding  side  of  the 
base  of  the  first  phalanx  of  the  little  finger. 

The  rest  of  the  flexor  group,  distributed  to  the  three  middle 
digits,  are  much  stronger  muscles  than  the  foregoing.  More 
particularly  does   this  apply  to  those  of  the  index  and  ring 
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fingers.  All  arise  from  the  proximal  extremities  of  the  meta- 
carpal bones,  whilst,  in  addition,  some  of  the  bellies  have  also  an 
origin  from  the  mesial  tendinous  raph®  of  the  palm ;  thus  the 
flexor  hrevis  mediua  possesses  such  an  additional  attachment ;  so 
also  the  adjoining  bellies  of  the  flexors  of  the  second  and 
fourth  digits ;  the  latter  spring  from  the  superior  half  of  the 
raphe  and  conceal  the  upper  portion  of  the  flexor  medius.  The 
insertions  of  the  muscles  are  into  the  first  phalanges  of  their 
own  digits,  as  in  the  case  of  the  thumb  and  little  finger.  Small 
sesamoid  bones  exist  in  "^connection  with  the  insertions  of 
all  the  flexors. 

Dorsal  Ch'oup,    (Fig.  3.) 

With  the  customary  four  dorsal  interossei,  this  group  also 
includes  the  abductors  of  the  thumb  and  little  finger,  which, 
though  palmar  in  position,  and  consequently  not  in  the  same 
plane  as  the  interossei,  are,  however,  associated  with  them  by 
reason  of  their  abducting  action. 

Ahdudor  poUids, — Small  but  distinct,  this  muscle  arises  from 
the  trapezium,  and  also  from  a  tongue-like  cartilaginous  pro- 
longation from  the  tendon  of  the  extensor  ossis  metacarpi 
pollicis.  It  is  inserted  into  the  radial  side  of  the  first  phalanx 
of  the  thumb. 

The  abductor  Tmnimi  digiti  is  considerably  larger  than  the 
abductor  pollicis.  It  arises  from  the  unciform  bone  and  from 
the  annular  ligament;  it  passes  to  the.  first  phalanx  of  the 
outermost  digit  and  is  inserted  on  its  ulnar  side. 

The  dorsal  interossei,  four  in  number,  appear  when  viewed 
from  behind,  to  resemble  closely  the  corresponding  structures, 
as  described  by  Dr  Cunningham  in  the  Thylacine.*  That 
occupying  the  first  interosseous  space,  viz.,  the  abductor  indicis, 
arises  by  a  single  head  from  the  shaft  of  the  first  metacarpal 
bone,  and  is  inserted  into  the  radial  side  of  the  base  of  the  first 
phalanx  of  the  index  finger.  The  remaining  three  muscles  all 
possess  double  origins  from  the  adjacent  sides  of  the  metacarpal 
bones,  between  which  they  are  placed.  The  fibres  derived 
from  each  bone  form  distinct  muscular  bellies,  two  of  which 
occupy  each  intermetacarpal  space.    The  two  bellies  terminate 

^  LoeeU,^.  437. 
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inf  eriorly  in  a  single  slender  but  well-defined  tendon  of  a  more  or 
less  arched  character.  In  the  case  of  the  fourth  or  outermost 
interosseous  muscle,  this  tendon  is  attached  by  one  extremity 
to  the  distal  end  of  the  fifth  metacarpal  bone,  and  by  the  other 
to  the  adjoining  side  of  the  first  phalanx  of  the  ring  finger,  its 
main  action  being  that  of  an  abductor  of  this  digit. 

The  inferior  tendons  of  the  second  and  third  interossei  are 
more  curved ;  the  extremities  of  the  arched  tendon  are  attached 
to  the  contiguous  sides  of  the  first  phalanges  of  the  middle  and 
immediately  adjoining  digits.  To  a  slight  extent  they  are  also 
connected  with  the  extensor  tendons. 

The  actions  of  the  muscles  last  described  are  somewhat  com- 
plex ;  certainly,  as  in  the  Thylacine,  they  approximate  the  three 
middle  digits,  but  they  may  also  act  either  as  simple  abductors 
of  the  middle  digit,  or  adductors  of  the  second  and  fourth 
respectively,  thus  compensating  to  some  extent  for  the  feeble- 
ness of  the  rudimentary  true  adductors  of  the  index  and  ring 
fingers. 

No  oppcm&nA  poUids  exists ;  there  is,  however,  a  well -developed 
opponens  minimi  digiti  inserted  into  the  ulnar  side  of  the  fifth 
metacarpal. 

Wallaby. 

In  this  animal  a  well-defined  palmaris  brevis  is  present.  It 
arises  in  the  centre  of  the  palm,  and  passes  outwards  to  the  skin 
over  the  muscles  of  the  little  finger. 

Palmar  Grmtp,     (Fig.  4) 

The  muscles  of  this  layer  are  four  in  number — one  for  each 
digit,  except  the  medius.  The  respective  muscles  are  almost 
equal  in  size;  each  consists  of  a  strong,  rounded,  muscular 
bundle,  more  or  less  divisible  into  a  superficial  and  a  deeper 
portion ;  slender,  superficial,  accessory  slips  are,  moreover,  to  be 
found  in  connection  with  the  two  muscles  most  remote  from  the 
middle  line  of  the  hand.  Presenting  what  appears  to  be  the 
usual  marsupial  tendency  for  the  middle  line,  the  adductor 
muscles  arise  from  the  ligamentous  structures  on  tlie  palmar 
surface  of  the  carpus,  and  also  from  a  mesial  tendinous  raphe, 
situated  along  the  palmar  aspect  of  the  middle  metacarpal  bone. 
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Their  insertion  is  as  follows — the  two  innermost  into  the  ulnar 
sides  of  the  first  phalanges  of  the  thumb  and  index  finger 
respectively,  the  two  outennost  into  corresponding  parts  of  the 
ring  and  little  fingers  on  their  radial  sides. 

Dorsal  Group, 

The  aMudor  poUicis  and  abductor  rmnirm  digUi,  are  both  pre- 
sent, the  latter  being  by  far  the  strongest  of  the  two.  The 
abductor  pdlicis  is  a  small  muscle  which  springs  from  the 
annular  ligament,  and  from  the  radial  sesamoid  bone.  It  is 
inserted  into  the  radial  side  of  the  first  phalanx  of  the  thumb 
and  the  adjoining  sesamoid,  whilst  a  few  of  its  deeper  fibres, 
though  quite  inseparable  from  the  rest,  are  inserted  into  the 
metacarpal  bone,  and  represent  an  opponens  pollicis. 

The  abductor  minimi  digiti  is  very  powerful  It  arises  from 
the  annular  ligament  anteriorly,  and  is  inserted  into  the  ulnar 
side  of  the  first  phalanx  of  the  little  finger  and  the  adjoining 
sesamoid. 

An  opponena  minimi  digiti,  quite  distinct,  arises  from  the 
unciform  bone  and  annular  ligament ;  it  passes  to  the  ulnar  side 
of  the  fifth  metacarpal  shaft.  Comparatively  this  is  a  large 
muscle. 

The  dorsal  interossei  (figs.  5  and  6)  occupying  the  intermeta- 
carpal spaces  are  four  in  number.  In  general  arrangement  and 
action  they  are  very  similar  to  the  corresponding  muscles  in  the 
Thylacine  and  Opossum,  there  are,  however,  certain  difierences 
which  necessitate  a  special  reference.  Viewed  dorsally  the  first 
and  fourth  are  seen  to  be  single-headed  muscles,  whilst  the 
second  and  third  are  double-headed,  and  closely  simulate  in  ap- 
pearance the  corresponding  muscles  in  the  human  hand. 

The  first  dorsal  interosseous  from  the  metacarpal  of  the  poUex, 
possesses  also  a  narrow  additional  slip  of  origin  from  the  tra- 
pezium ;  it  passes  to  the  first  phalanx  of  the  index  finger  and 
adjoining  sesamoid,  forming  therefore  an  abductor  indicia ;  the 
fourth  dorsal  interosseous  has  similar  attachments  to  the  fifth 
metacarpal  shaft,  and  to  the  ulnar  side  of  first  phalanx  of  the 
ring  finger,  constituting  an  abductor  annularis. 

The  second  and  third  dorsal  interossei  have  a  somewhat  re- 
markable arrangement.    On  their  dorsal  aspect,  as  previously 
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Stated,  they  closely  resemble  the  corresponding  stmctures  in  the 
human  hand.  They  appear  as  bicipital  muscles,  springing  fix)m 
the  contiguous  surfaces  of  adjoining  metacarpal  bones ;  the  fibres 
converge  inferiorly  to  a  common  insertion,  the  plane  of  which  is 
much  more  palmar  in  position  than  is  that  of  origin.  Turn- 
ing next  to  the  palmar  aspect  of  the  muscles,  two  additional 
bellies  are  found  occupying  each  of  the  respective  interosseous 
spaces.  These  are  more  or  less  separable  from  the  bellies  seen 
dorsally,  so  that  four  muscular  bundles — two  dorsal  and  two 
palmar — ^are  distinguishable  as  constituting  the  third  and  fourth 
dorsal  interosseous  muscles.  All  end  inf  eriorily  on  a  common 
arched  tendon  which  by  its  extremities  is  attached,  as  in  the 
Opossum,  but  on  a  more  anterior  plane,  reaching  indeed  as  far 
as  the  sesamoids.  In  respect  of  action  they  agree  with  the 
Opossum  and  the  Thylacine,  whilst,  by  virtue  of  their  palmar 
insertion,  they  possess  also  a  slight  flexor  action. 

Intermediate  Group, 

The  flexores  breves  do  not  form  a  distinct  intermediate  layer ; 
with  two  exceptions,  they  are,  indeed,  practically  wantiug,  i.e,,  as 
separate  muscles. 

The  pollex  is  furnished  with  a  flexor,  of  which  the  radial  belly 
is  isolated,  whilst  the  ulnar  can  only  be  regarded  as  formed  by 
the  deeper  part  of  the  adductor  pollicis ;  similarly,  also,  in  the 
case  of  the  little  finger,  where  the  radial  half  may  be  considered 
as  composed  by  the  deeper  fibres  of  the  adductor  minimi  digiti, 
whilst  its  ulnar  belly  is  situated  beneath  the  abductor  minimi 
digiti,  and  is  with  difficulty  separable  from  it.  As  to  the  re- 
maining digits,  the  only  representatives  of  the  flexores  are  to  be 
found  in  the  deeper  parts  of  the  adductor  muscles,  or  it  may  be 
that  the  palmar  bellies  of  the  dorsal  interossei  more  truly  repre- 
sent them.  If  the  latter  view  be  adopted,  however,  then  the 
flexors  of  the  index  and  ring  fingers,  so  far  as  regards  the  belly 
farthest  from  the  middle  line,  must  be  considered  as  entirely 
suppressed,  whilst  in  opposition  to  it  is  the  circumstance,  that 
similar  accessory  pdmar  fibres  to  the  dorsal  interossei  muscles 
apparently  coinciding  with  the  palmar  portions  of  the  central  in- 
terossei in  the  Wallaby,  exist  in  the  manus  of  the  Thylacine,  in 
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which  animal  there  is  also  a  distinct  intermediate  layer   of 
"  flexores  breves."  ^ 

Yellow-footed  Eock  Kangaroo. 

On  dissecting  the  hand  of  this  specimen,  the  peculiar  arrange- 
ment of  the  lunJmcales  attracted  my  attention.  Four  in  number, 
they  arise,  as  in  other  marsupials,  from  the  common  tendon  of 
the  deep  flexor,  but  in  their  distribution  a  deviation  from  what 
is  usually  found  is  to  be  noted.  They  are  distributed  to  all  the 
digits  except  the  middle  one,  consequently  the  pollex  is  furnished 
with  a  lumbrical  muscle.  ^ 

The  intrinsic  muscles  closely  correspond  to  those  which  have 
been  described  in  the  manus  of  the  Wallaby,  the  intermediate 
group  of  muscles  is  perhaps  even  less  differentiated  from  the 
dorsal  than  in  the  latter  animal,  whilst  the  accessory  slips  of  the 
palmar  layer  are  with  difficulty  distinguishable. 

Wombat. 

In  this  animal  the  manus  is  not  quite  so  regular  and  symme- 
trical as  in  the  case  of  the  Opossum  and  WaUaby;  the  three 
layers  of  muscles  are,  however,  more  easily  distinguishable,  but 
the  constituents  of  these  layers  are  of  a  more  irregular  nature. 

Palmar  Group. 

Four  adductors  arise  from  the  ligamentous  structures  on  the 
palmar  aspect  of  the  carpo-metacarpal  articulations ;  there  is  the 
usual  marsupial  tendency  of  these  muscles  to  seek  a  common 
central  origin,  which  in  the  Wombat,  however,  is  not  mesial  in 
position,  but  corresponds  rather  to  the  palmar  surface  of  the 
index  metacarpal  shaft.  Consequently  the  adductor  pollicis  is 
shorter  and  smaller  than  the  others ;  these  latter  progressively 
increase  in  length  and  size  as  we  pass  to  the  ulnar  side,  the 
adductor  TniT^iTm'  digiti  being  the  largest  of  the  group.  The 
muscles  form  a  particularly  well-defined  plane,  and  are  distri- 
buted to  the  first,  second,  fourth,  and  fifth  digits,  in  the  usual 
manner. 

1  Dr  Cunniiigliain,  loc,  cU,  p.  488. 

'  If  this  be  not  an  individual  pecoliarity  it  afforda  an  additional  argument 
against  Meckel's  hypothesis,  that  the  "  flexores  breves  "  were  distinct  repetitions 
of  the  lumbricals. — AnaUmie  Compar4e,  tome  vi.  p.  845. 
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Intermediate  Group. 

The  flexores  breves,  taken  generally,  are  small.  As  a  rule  two 
muscular  bellies  are  associated  with  each  digit.  These,  however, 
are  very  unequal  in  size,  the  ulnar  belly  being  only  one-third  the 
size  of  that  radially  situated.  In  the  case  of  the  index  finger, 
the  radial  belly  has  conversely  disappeared,  and  does  not  exist, 
unless  it  be  coalesced  with  the  abductor  indicis. 

Flexor  brevis  pollids  consists  of  two  bellies  almost  equal  in  size ; 
the  radial  passes  from  annular  ligament  to  corresponding  side 
of  first  phalanx  of  thumb,  the  ulnar  from  ligaments  at  base  of 
second  metacarpal  to  corresponding  side  of  same  phalanx,  blend- 
ing also  with  the  lateral  expansion  of  the  extensor  tendon. 

The  Jleocor  brevis  minimi  digiti  is  strong ;  its  ulnar  moiety  is 
from  the  unciform  hook  to  the  ulnar  side  of  the  fii*st  phalanx ; 
the  radial  belly  springs  from  the  ligamentous  structures  at  the 
carpal  extremities  of  the  metacarpals ;  it  corresponds  in  extent 
and  lies  under  cover  of  the  adductor  minimi  digiti,  and  is  inserted 
with  it  Crossing  the  palm  somewhat  obliquely  it  conceals  in 
part  the  ulnar  belly  of  the  flexor  annularis. 

The  remaining  flexor  bundles  arise  from  the  palmar  aspect  of 
the  metacarpals  near  the  carpal  ends,  and  pass  to  be  inserted 
partly  into  phalanges  of  respective  fingers,  blending  also  with 
the  terminations  of  the  dorsal  interossei.  Small  sesamoids  are 
connected  with  the  insertions  of  these  muscles. 

Dorsal  Group, 

This  group  includes  the  ahdudor  pollicis,  the  abdivctor  minimi 
digit%  and  the  dorsal  interossei;  the  two  former  are  arranged 
much  as  are  the  same  muscles  in  the  Opossum.  There  is  no 
opponens  either  of  the  thumb  or  little  finger. 

Of  the  dorsal  interossei  there  are  but  three,  that  usually  con- 
stituting the  abductor  annularis,  i.e,,  the  fourth,  being  entirely 

wanting. 

The  three  dorsal  interossei,  very  stroQg  and  well-developed, 
occupy  the  three  radial  intermetacarpal  spaces ;  they  are  arranged 
exactly  as  in  the  Opossum,  the  abductor  indicis,  however,  being, 
like  the  remaining  two  interossei,  a  bicipital  muscle,  as  in  the 
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human  hand.    By  their  insertions  they  join  the  expansions  of 
the  extensor  tendons. 

The  absence  of  the  fourth  or  outermost  interosseous  muscle 
has  been  ahready  afl&rmed ;  its  place  is  taken  by  a  well-defined 
tendinous  offset  from  the  tendon  of  the  extensor  minimi  digiti ; 
this  passes  to  the  fourth  digit,  to  be  inserted  like  the  interossei 
The  extensor  minimi  digiti  consequently  acts  also  as  the  ab- 
ductor of  the  ring  finger. 

EOALA. 

I  shall  not  include  here  a  lengthy  description  of  the  hand 
muscles  of  the  Koala,  but  content  myself  with  the  brief  state- 
ment, that  in  their  arrangement  they  agree  fundamentally  with 
those  of  the  other  species  already  referred  to.  There  is,  however, 
one  point  in  connection  with  the  intrinsic  muscles  of  the  manus 
in  the  Koala  to  which  I  wish  to  direct  attention.  The  digits  in 
the  fore  limb  of  this  animal  are  characterised  by  the  peculiarity 
of  their  disposition.  They  form  two  groups,  of  which  one,  in- 
cluding the  thumb  and  index  finger,  is  opposable  to  the  other, 
this  latter  comprising  the  three  remaining  digits. 

The  index  digit,  in  point  of  fact,  constitutes  a  second  thumb, 
and  in  conformity  with  its  unusual  freedom  of  action,  its  special 
muscles  are  well  developed.  Moreover,  as  a  result  of  the 
arrangement  of  the  digits  into  two  groups,  the  middle  line  of  the 
hand  no  longer  passes  through  the  third  digit,  but  along  the 
fourth ;  the  muscles  of  the  hand  are  correspondingly  modified, 
and  hence,  so  far  as  regards  their  insertions,  the  arrangement  is 
very  difierent  to  what  is  ordinarily  found.  The  abductors  and 
adductors  act  as  usual  from  or  to  a  middle  line,  but  this,  in  the 
case  of  the  Koala,  passes  along  the  fourth  digit. 

Concluding  Beiaarks. 

It  is  evident  that,  with  respect  to  the  disposition  of  the 
intrinsic  muscles  of  the  hand  and  foot,  a  considerable  number  of 
marsupials  agree  closely  with  what  has  been  laid  down  as  the 
actual  "type"  upon  which  these  muscles  are  arranged  in  the 
whole  of  the  Mammalia.  But  it  does  not  appear  that  this  "type" 
is* so  constantly  adhered  to  in  any  other  group  of  the  Mammalia; 
on  the  contrary,  the  deviations  from  it  are  so  numerous  and  of 
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such  a  nature  as  to  render  the  justifiability  of  its  extension  to 
all  mammals  questionable. 

It  is  true  that  examples  of  an  arrangement  of  these  muscles, 
more  or  less  perfect  in  its  accordance  with  the  type  set  up,  have 
been  pointed  out  by  Dr  Cunningham^  in  the  feet  of  certain 
mammals  other  than  marsupials ;  to  such  it  will  presently  be 
convenient  to  refer  at  greater  length  Further,  Dr  Cunningham 
is  supported  by  the  authority  of  Professor  Humphry  ,2  who, 
in  his  observations  regarding  the  "Myology  of  Orycteropus 
Capensis,"  expresses  the  opinion  that  a  threefold  division  of  the 
muscles  in  connection  with  the  digits  is  the  "  typical"  arrange- 
ment 

Nevertheless,  that  it  is  among  the  marsupials  as  a  class  that 
we  find  the  ''  typical  arrangement"  most  closely  adhered  to,  may, 
so  far  as  present  observations  extend,  be  taken  as  granted. 

But  it  is  to  be  6bserved,  that  even  among  marsupials  there 
are  many  instances  of  a  deviation  from  the  "  type,"  e.g.,  it  will 
be  readily  seen,  on  ref ening  to  the  descriptions  of  the  few  speci- 
mens noted  in  this  paper,  that  whilst  the  Wombat  and  the 
Opossum,  in  the  disposition  of  their  intrinsic  hand-muscles,  agree 
in  all  respects  with  the  requirements  of  the  "  typical  arrange- 
ments," the  Wallaby  and  the  Yellow-footed  Eock  Kangaroo 
deviate  from  the  type  set  up,  inasmuch  as  in  these  animals  there 
is  no  distinct  intermediate  layer.  Whether  the  absence  of  this 
latter  in  the  animals  last  mentioned  is  attributable  to  fusion  of  its 
constituents  with  the  palmar  layer — as  certainly  s^ems  to  be  the 
case  in  part— or  whether  the  palmar  bellies  of  the  second  and 
third  dorsal  interossei  should  not  rather  be  regarded  as  properly 
belonging  to  the  intermediate  series,  I  am  not  able  to  determine, 
and  at  the  same  time  I  have  to  regret  my  inability  to  avail 
myself  of  any  light  which  the  distribution  of  the  nerves  might 
throw  upon  the  problem. 

Whether  in  the  Wallaby  and  the  Yellow-footed  Rock  Kangaroo 
we  have  a  condition  representing  the  appearance,  or  conversely 
the  disappearance,  of  a  trilaminar  differentiation  of  the  intrinsic 
hand-muscles,  can  only  be  determined  by  more  extended  observa- 
tions. 

*  Jaum.  of  Anat,  and  Phys.  vol.  xiii.  p.  7,  et  seq, 
s  Ibid.  JiSaj  1868,  vol.  ii. 
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Seeing  then  that  even  marsupials  dififer  as  to  the  extent  of 
their  conformity  with  the  typical  carangement,  it  becomes  of 
considerable  interest  to  note  what  species  are  most  perfect  in 
their  agreement  with  the  type,  what  species  deviate  from  it,  and 
farther,  to  consider  to  what  cause  the  differences  in  these  respects 
are  attributable. 

As  regards  the  first  points,  it  may  be  briefly  stated  that,  so  far 
as  one  is  entitled  to  arrive  at  any  conclusion  from  a  considera- 
tion of  the  species  already  examined,  with  hardly  an  exception 
the  intrinsic  muscles  are  found  to  be  most  perfectly  in  accord- 
ance with  their  so-called  "  typical  arrangement "  in  those  mar- 
supials in  which,  from  their  general  habits  and  modes  of  life,  a 
more  than  ordinary  development  and  differentiation  of  the 
muscles  might  naturally  be  expected.  Take,  for  example,  the 
Cuscus,  the  Phascogale,  the  Opossum,  the  Koala,  and  the  Vulpine 
phalanger.  These  all  possess  considerable  skill  in  climbing,  some 
indeed  pass  almost  an  exclusively  arboreal  existence ;  the  hands 
and  feet  therefore  are  constantly  employed  in  grasping.  The 
Wombat,  on  the  other  hand,  though  terrestrial  in  its  habits, 
frequently  uses  its  strong  claws  for  digging  and  burrowing  pur- 
poses, for  which  reason,  indeed,  it  is  commonly  known  {unong  the 
colonists  as  the  "  Badger."  To  accomplish  such  acts  as  these,  it 
is  quite  evident  not  only  that  the  digits,  in  consequence  of  their 
constant  use,  acquire  a  certain  degree  of  independence,  but  also 
that  some  provision  for  maintaining  a  continuous  and  powerful 
flexion  of  the  digits,  without  at  the  same  time  interfering  mth 
the  free  movements  (especially  those  of  extension  and  dorsi- 
flexion)  of  the  wrist  is  absolutely  necessary ;  hence  the  differ- 
entiation and  development  of  the"flexores  breves"  to  supply 
the  requirement.  It  is  a  fact  worthy  of  note  that  in  many  cases 
where  the  short  flexors  are  markedly  differentiated  as  strong  and 
distinct  muscles,  th^y  are  associated  with  a  correspondingly  weak 
and  ill-developed  flexor  perforatus.  So  that,  whilst  the  total 
flexing  power  is  not  necessarily  altered  to  any  material  extent, 
a  considerable  portion  is  localised  in  the  palm,  and  exercises  no 
influence  on  the  movements  of  the  wrist  joint. 

I  have  pointed  out  what  I  believed  to  be  the  raison  d^etre  of 
the  intermediate  group  of  flexors  in  a  manns  characterised  by 
the  complete  trilaminar  arrangement  of  its  intrinsic  muscles. 
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For  similar  reasons  those  digits,  in  any  manus  which  are  endowed 
with  the  most  independent  powers,  have  invariably  the  most 
distinctly  differentiated  musculcu:  arrangements;  hence,  even 
when  the  whole  of  the  digits  are  supplied  with  the  "  typical " 
complement  of  muscles,  the  first  and  fifth  are  very  commonly 
more  favoured  than  the  rest.  This  is  well  exemplified  in  the 
hand  of  the  Koala.  In  this  animal  the  index  finger  enjoys  a 
peculiar  independence,  and,  distinctly  associated  with  this  fact, 
we  find  the  digit  furnished  with  abductor,  adductor,  and  flexor 
brevis,  more  markedly  differentiated  and  more  strongly  developed 
than  those  of  the  remaining  digits,  with  the  exception  of  the 
poUex  proper. 

If  we  now  consider  the  condition  of  the  intrinsic  muscles  in 
the  higher  Mammalia,  it  is  quite  clear  that  the  same  remarks 
apply  equally  to  them  as  to  the  marsupials,  and  amongst  them 
the  only  two  animals  in  which,  so  far  as  I  am  aware,  the  disposi- 
tion of  the  muscles  under  consideration  conforms  entirely  to  the 
"  typical "  arrangement  so  frequently  referred  to — viz.,  the  Otter 
and  the  Badger — are  precisely  those  in  which  from  their  known 
habits  we  should  expect  to  meet  with  it.  That  this  is  in  no  way 
to  be  associated  with  the  pentadactylous  nature  of  these  animals 
is,  I  think,  sufficiently  evidenced  by  th,e  arrangement  of  the 
intrinsic  muscles  in  both  the  hand  and  foot  of  the  closely-allied 
pentadactylous  Viverra  dvetta,  which,  in  respect  of  a  less 
differentiated  or  specialised  condition  of  these  muscles,  agrees 
rather  with  the  tetradactylous  carnivora.^  It  appears,  therefore, 
that  the  development  and  differentiation  of  the  intrinsic  muscles 
of  the  hand  and  foot  in  all  mammals  is,  most  probably,  directly 
dependent  on  use  and  requirements,  and  that  the  anatomical 
characters  of  these  muscles,  as  with  others,  run  parallel  with 
their  functional  changes. 

With  these  facts  in  view,  can  we  regard  the  division  of  the 
intrinsic  muscles  into  three  layers  disposed  in  the  maimer 
previously  referred  to  as  a  "  typical  arrangement,"  in  conformity 
with  wliich  the  similar  structures  in  all  other  mammals  may 
fairly  be  said  to  be  built  up  ? 

Whether  it  is  advisable  to  come  to  any  decision  regarding  the 
"  typical  arrangement "  of  a  group  of  muscles  from  the  considera- 

*  Joitm.  o/Anai,  a-nd  Phys,  voL  xiy.  p.  176. 
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fingers.  All  arise  from  the  proximal  extremities  of  the  meta- 
carpal bones,  whilst,  in  addition,  some  of  the  bellies  have  also  an 
origin  from  the  mesial  tendinous  raph®  of  the  palm ;  thus  the 
flexor  brevis  medivs  possesses  such  an  additional  attachment ;  so 
also  the  adjoining  bellies  of  the  flexors  of  the  second  and 
fourth  digits ;  the  latter  spring  from  the  superior  half  of  the 
raphe  and  conceal  the  upper  portion  of  the  flexor  medius«  The 
insertions  of  the  muscles  are  into  the  first  phalanges  of  their 
own  digits,  as  in  the  case  of  the  thumb  and  little  finger.  Small 
sesamoid  bones  exist  in  ^connection  with  the  insertions  of 
all  the  flexors. 

Dorsal  Chtoup.    (Fig.  3.) 

With  the  customary  four  dorsal  interossei,  this  group  also 
includes  the  abductors  of  the  thumb  and  little  finger,  which, 
though  palmar  in  position,  and  consequently  not  in  the  same 
plane  as  the  interossei,  are,  however,  associated  with  them  by 
reason  of  their  abducting  action. 

Abductor  pollids, — Small  but  distinct,  this  muscle  arises  from 
the  trapezium,  and  also  from  a  tongue-like  cartilaginous  pro- 
longation from  the  tendon  of  the  extensor  ossis  metacarpi 
pollicis.  It  is  inserted  into  the  radial  side  of  the  first  phalanx 
of  the  thumb. 

The  abductor  minimi  digiti  ia  considerably  larger  than  the 
abductor  pollicis.  It  arises  from  the  unciform  bone  and  from 
the  annular  ligament;  it  passes  to  the.  first  phalanx  of  the 
outermost  digit  and  is  inserted  on  its  ulnar  side. 

The  dorsal  interossei,  four  in  number,  appear  when  viewed 
from  behind,  to  resemble  closely  the  corresponding  structures, 
as  described  by  Dr  Cunningham  in  the  Thylacine.^  That 
occupying  the  first  interosseous  space,  viz.,  the  abductor  indicts, 
arises  by  a  single  head  from  the  shaft  of  the  first  metacarpal 
bone,  and  ia  inserted  into  the  radial  side  of  the  base  of  the  first 
phalanx  of  the  index  finger.  The  remaining  three  muscles  all 
possess  double  origins  from  the  adjacent  sides  of  the  metacarpal 
bones,  between  which  they  are  placed.  The  fibres  derived 
from  each  bone  form  distinct  muscular  bellies,  two  of  which 
occupy  each  intermetacarpal  space.    The  two  bellies  terminate 
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inf eriorly  in  a  single  slender  but  well-defined  tendon  of  a  more  or 
less  arched  character.  In  the  case  of  the  fourth  or  outermost 
interosseous  muscle,  this  tendon  is  attached  by  one  extremity 
to  the  distal  end  of  the  fifth  metacarpal  bone,  and  by  the  other 
to  the  ac^'oining  side  of  the  first  phalanx  of  the  ring  finger,  its 
main  action  being  that  of  an  abductor  of  this  digit. 

The  inferior  tendons  of  the  second  and  third  interossei  are 
more  curved ;  the  extremities  of  the  arched  tendon  are  attached 
to  the  contiguous  sides  of  the  first  phalanges  of  the  middle  and 
immediately  adjoining  digits.  To  a  slight  extent  they  are  also 
connected  with  the  extensor  tendons. 

The  actions  of  the  muscles  last  described  are  somewhat  com- 
plex ;  certainly,  as  in  the  Thylacine,  they  approximate  the  three 
middle  digits,  but  they  may  also  act  either  as  simple  abductors 
of  the  middle  digit,  or  adductors  of  the  second  and  fourth 
respectively,  thus  compensating  to  some  extent  for  the  feeble- 
ness of  the  rudimentary  true  adductors  of  the  index  and  ring 
fingers. 

No  oppon&ns  poUids  exists ;  there  is,  however,  a  well -developed 
opponens  minimi  digiti  inserted  into  the  ulnar  side  of  the  fifth 
metacarpal. 

Wallaby. 

In  this  animal  a  well-defined  palmaris  brevis  is  present.  It 
arises  in  the  centre  of  the  palm,  and  passes  outwards  to  the  skin 
over  the  muscles  of  the  little  finger. 

Paimar  Grotcp.     (Fig.  4) 

The  muscles  of  this  layer  are  four  in  number— one  for  each 
digit,  except  the  medius.  The  respective  muscles  are  almost 
equal  in  size;  each  consists  of  a  strong,  rounded,  muscidar 
bundle,  more  or  less  divisible  into  a  superficial  and  a  deeper 
portion ;  slender,  superficial,  accessory  slips  are,  moreover,  to  be 
found  in  connection  with  the  two  muscles  most  remote  from  the 
middle  line  of  the  hand.  Presenting  what  appears  to  be  the 
usual  marsupial  tendency  for  the  middle  line,  the  adductor 
muscles  arise  from  the  ligamentous  structures  on  tlie  palmar 
surface  of  the  carpus,  and  also  from  a  mesial  tendinous  raphe, 
situated  along  the  palmar  aspect  of  the  middle  metacarpal  bone. 
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tion  of  comparatively  few  species,  and  these  among  the  most 
highly-developed  group  of  the  vertebrates,  without  having  regard 
to  their  primitive  condition  in  more  lowly  organised  forms,  seems 
doubtful. 

Certainly  it  is  evident  that  before  any  definite  answer  can  be 
given  to  the  above  question,  we  require  not  only  much  more 
extended  observations  as  to  the  actual  condition  of  these  muscles 
in  other  mammalian  and  lower  vertebrate  forms,  but  above  all 
we  need  definite  knowledge  of  the  various  stages  in  the  develop- 
ment of  the  muscles  under  consideration. 

The  history  of  the  developmental  changes  indeed  will  afford 
the  only  sure  data  for  the  determination  of  that  fundamental 
arrangement  which  alone  can  be  considered  as  constituting  an  ^ 

actual  and  inclusive  "  type,"  in  contradistinction  to  one  purely 
ideal  or  hypothetical. 

The  knowledge  of  the  various  developmental  changes  in  a  single 
species  will  not,  however,  prove  sufficient  for  such  a  purpose, 
more  especially  if  this  again  relates  to  one  of  the  highest 
mammals,  otherwise  the  careful  and  elaborate  researches  of  Dr 
Euge  (Heidelberg)  would  to  a  large  extent  furnish  the  desired 
data.  Dr  Euge's  investigations  as  to  the  "Processes  in  the 
Development  of  the  Muscles  of  the  Human  Foot "  ^  are  almost 
exhaustive.  It  is,  however,  to  be  regretted  that  the  observations 
have  not  been  rendered  complete  by  a  description  of  the  deriva- 
tion and  development  of  the  abductors  of  the  first  and  fifth  digits. 
With  respect  to  the  deeper  muscles,  it  is  pointed  out  that  at  a 
very  early  period  the  interossei  are  easily  distinguishable  as 
forming  two  layers — dorsal  and  plantar — the  different  elements 
of  which  are  already  discernible.  The  flexor  brevis  minimi 
digiti  is  also  distinguishable,  and  is  associated  by  Dr  Euge 
with  the  interossei,  partly  because  of  the  similarity  of  its 
arrangement  with  the  interossei  found  in  lower  animals,  and  in 
the  early  stage  of  man,  and  partly  because  the  nerve  supply  is 
derived  from  the  same  source  as  that  of  the  muscles  of  the  fourth 
interosseus  space.  The  muscles  of  the  great  toe  are  considered 
as  a  separate  group.  Disregarding  this  separation,  at  least  for  a 
time,  it  will  be  convenient  to  adopt  the  view  commonly  enter- 

^  Morph.  Jahr.  1878,  p.  117  at  seq.  Note. — The  conditions  described  for  the 
interossei  in  the  foot,  are  essentially  the  same  in  the  case  of  the  hand  (p.  125). 
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tained,  and  consider  the  abdactors  and  adductors  of  the  first  as 
well  as  of  the  fifth  digit  as  perfectly  analogous  to  the  interossei,^ 
and  associated  with  them.  In  some  adult  mammals — e,g,y  the 
omithorhynchus* — the  whole  series  of  intrinsic  muscles  may 
fairly  be  regarded  as  forming  but  two  distinct  layers ;  the  precise 
functions  of  these  may  and  do  vary  in  accordance  with  special 
requirements;  the  deeper  layer,  for  instance,  is  in  some  cases 
pre-eminently  a  "flexor"  layer,  in  others  an  " abductor"  or  even 
an  "  extensor"  layer. 

It  has  yet  to  be  shown  in  how  many  cases  this  condition  is 
due  either  to  the  fusion  of  previously  existing  separate  layers,  or 
to  the  disappearance  of  one  of  these.  That  such  may  afford  a 
^  probable  explanation  in  certain  instances,  is  evidenced  by  the 

condition  of  the  muscles  in  the  foot  of  the  Dasypus  sexdncttis? 
but  at  the  same  time  it  is  equally  probable  that  in  other  in- 
stances the  existence  of  only  two  layers  is  not  attributable  to 
the  fusion  or  disappearance  of  a  third  layer,  but  may  represent 
the  original  condition.  In  the  latter  cases,  at  least,  the  whole 
series  of  intrinsic  muscles  in  the  early  embryo  would  probably 
present  a  precisely  similar  arrangement  to  that  described  by 
Huge  for  the  interossei  in  the  hand  and  foot  of  the  human  embryo. 

But  further,  whilst  some  animals  permanently  maintain  a 
bilaWr  condition,  others  may  present  a  stiU  gr^L  divergence 
from  the  "trilaminar  type,"  and  the  whole  of  the  intrinsic 
muscles,  as  in  the  foot  of  the  Bathyergus  caj)ensi8y  may  be  re- 
duced to  a  single  muscular  layer;  much  more  commonly,  however, 
the  bilaminar  condition  is  exceeded,  and  this  in  varying  degrees 
not  only  up  to,  but  even  beyond  a  trilaminar  arrangement.  When 
a  third  layer  appears  it  is  most  frequently  represented  in  connec- 
tion with  those  digits  which  possess  the  greatest  freedom  in  their 
actions^  or  those  most  used  for  grasping  purposes,  hence  in  many 

'  Meckel :  Anatomie  Comparie,  vol.  yi.  p.  344. 

•  Meckel,|2ac.  cil,  vol.  vi.  p.  844;  Huge,  Morph.  Jahr,  vol.  iv.  plate  xxxv.  fig.  46. 

'  In  this  animal  the  place  of  missing  mnscalar  elements  is  ''taken  by  fibrous 
bands."  (Cunningham,  loc  cU,  vol.  xiii.  p.  10).  It  is  not  so  easy  to  explain  the 
total  absence  of  all  the  intrinsic^ mnscles,  with  the  exception  of  the  "intermedi- 
ate" gronp  of  "flexors,''  in  the  foot  of  the  Bathyergus  capensis.  Here  there  is 
apparently  no  trace  of  the  missing  mnscles.  The  flexores  breves,  however,  are, 
according  to  Cnnningham,  strong  and  well  developed  {loc.  cU.  p.  11).  Taking 
into  consideration  the  habits  of  this  animal  it  is  of  peculiar  interest  to  note  that 
the  whole  of  the  intrinsic  muscles  appear  to  be  devoted  to  flexion  of  the  digits. 


^. 
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cases  the  additional  muscular  elements  are  limited  to  the  first, 
or  first  and  fifth  digits,  as  in  man ;  in  other  cases  again  they 
extend  to  the  remaining  digits,  so  that  a  complete  third  muscular 
layer  exists  as  in  many  marsupials.  Still  further,  the  "  typical 
arrangement''  of  the  intrinsic  muscles  into  adductor,  flexor,  and 
abductor  layers  may  in  some  respects  be  exceeded,^  and  the 
passage  to  the  dorsum  of  the  hand  of  the  most  dorsal  part  of  the 
interossei  may  furnish  an  extensor  layer.  Such  an  arrangement 
is,  according  to  Meckel,^  niet  with  in  the  hand  of  the  Sloth 
{Bradypas  tridactylus),  and  other  mammifers. 

Which  of  these  conditions  is  to  be  regarded  as  typical  may 
well  be  left  an  open  question. 

At  the  close  of  a  recent  paper^  Dr  Buge  expresses  as  his 
opinion,  that  to  extend  the  division  of  these  intrinsic  muscles 
into  three  layers  to  all  mammals  is  wrong,  "especially  as, 
according  to  Cimningham  himself,  'fusion'  of  the  dorsal  and 
intermediate  layers  is  extremely  common." 

It  is  difl5cult  to  understand  why  the  "  fusion  "  of  two  previ- 
ously existing  layers,  however  common,  should  in  any  way 
militate  against  the  view  that  the  separate  condition  was  more 
typical  than  the  coalesced;  conversely,  indeed,  if  the  fact  of 
their  fusion  in  all  cases  be  established,  it  certainly  seems  to 
favour  Dr  Cunningham's  views  of  the  "  type  "  arrangement  Ruge 
prefers,  he  goes  on  to  say,  to  regard  the  threefold  separation  of 
the  muscles  as  secondarily  derived  from  two  original  layers — 
interossei  and  contrahentes.  The  contrahentes  he  defines  as 
including  all  those  muscles  which  lie  superficial  to  the  deep 
branch  of  the  external  plantar  nerve  and  its  branches,  and  the 
interossei  as  those  over  which  the  deep  branch  runs.  The 
interossei,  however,  themselves  consist  of  two  layers,  even  in  the 
early  embryo.  So  that,  here  again  we  have  really  to  do  not 
with  a  bi-laminar  but  with  a  tri-laminar  arrangement,  though 

^  Since  writing  the  above,  Dr  Cunningham  has  kindly  shown  me  his  dissections 
of  the  intrinsic  muscles  in  the  foot  of  the  Cuscus  (Phcdangiata  macuUUa),  In 
this  animal  the  differentiation  of  an  additional  or  fourth  series  of  muscles  con- 
stitutes an  "  approximator  "  group. 

'  Loc.  cU,  vol.  vi.  p.  861.  See  also  Macalister  "  On  the  Anatomy  of  Chlamy- 
dophortts  trtmcatus,  with  Notes  on  the  Structure  of  other  species  of  Edentata." 
Trans.  Boy,  Irish  Acad.  1875.     (Science)  p.  219. 

'  '*  Zur  vergleichenden  Anatomic  der  tiefen  Muskeln  in  der  Fussshole,"  Marph. 
'^-'Ar.,  vol.  iv.  p.  644. 


THE  INTRINSIC  MUSCLES  OF  THE  MARSUPIAL  HAND.  165 

not  that  of  GunninghauL  Ruge  further  points  out  that  in  some 
groups,  as  in  the  Camivora,  the  interossei  form  but  one  division^ 
a  coalescence  having  taken  place.  This  of  course  is  essentially 
different  to  the  fusion  of  the  dorsal  and  intermediate  layers  of 
Cunningham. 

The  actual  condition  of  a  single  dorsal  layer  of  interossei, 
under  any  circumstances,  is  intelligible  enough,  but  whether  in 
different  cases  it  is  to  be  regarded  as  resulting  from  the  fusion 
of  previously  existing  separate  elements,  or  rather  as  indicatory 
of  commencing  differentiation  is  doubtful.  The  constant  changes 
which  evolution  predicates  and  necessitates  render  it  probable 
that  both  conditions  may  be  found. 


Explanation  op  Plate  VII. 

Fig.  1.  Left  hand  of  the  Opossum  (Bidelphys  V,)y  natural  size, 
showing  the  palmar  layer  of  muscles — ad,  p.,  adductor  poUicis; 
(id,  i,,  adductor  indicis;  oJ.  a.,  adductor  annularis;  ad.  m.,  adductor 
minimi  digitL  Other  structures  which  do  not  belong  to  this  group 
are  lettered  as  follows: — db,  p.,  abductor  pollicis;  cd>.  m.,  abductor 
minimi  digiti;  o.  m.,  opponens  minimi  digiti ;  f.\  f.\  f.\  /.^,  as  in 
fig.  2;  f.  c,  iLj  tendon  of  flex,  carpi  ulnaris;  /.  c.  r.,  tendon  of  flex, 
carpi  radialis;  6.  o,  m.,  tendon  of  ext.  ossis  metacarpi  pollicis. 

Fig.  2.  Same  hand,  showing  the  intermediate  layer  of  muscles.  The 
adductors  as  well  as  the  abductors  of  the  first  and  fifth  digits  have 
been  removed — f.\  flexor  brevis  pollicis;  Z^,  flexor  brevis  indicis; 
/.',  flexor  brevis  medii ;  /.*,  flexor  brevis  annularis ;  /.^,  flexor  brevis 
minimi  digiti;  other  letters  as  in  fig.  1. 

Fig.  3.  Same  hand  showing  the  dorsal  layer  of  muscles  (dorsal 
aspect) — d^,  dJ^,  d,^,  d,\  indicate  the  respective  dorsal  interossei;  the 
remaining  muscles  of  this  layer,  viz. — ^the  abductor  pollicis  and  the 
abductor  minimi  digiti,  are  shown  in  fig.  1. 

Fig.  4.  Left  hand  of  the  Wallaby  (Hahnaturus  tialabaiue),  natural 
size,  showing  the  palmar  layer  of  muscles.  Hemarks  and  letters  in 
fig.  1  apply  equally  to  this  figure ;  the  sketch  shows  also  the  slender 
accessory  slips  to  the  adductors  of  the  first  and  fifth  digits,  which  are 
described  in  the  text. 

Fig.  5.  Same  hand  as  in  fig.  4,  showing  the  dorsal  interossei  (dorsal 
aspect).  These  are  lettered  d.\  d.\  d.^,  d,^  respectively.  On  com- 
parison with  fig.  3  the  difference  of  the  planes  of  insertion  will  be 
evident 

Fig.  6.  Shows  the  same  muscles  as  fig.  5  (palmar  aspect).  The 
lettering  corresponds  to  that  of  fig.  5. 
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MYOLOGY  OF  VIVERRA  CIVETTA.  By  Alfked  H. 
Young,  M.B.,  &c.,  late  Assistant  Lecturer  on  Anaiomy,  The 
Otvens  College,  MdncJiester. 

The  muscular  anatomy  of  the  Civet  (Viverra  civetta)  has 
already  been  described,  more  or  less  completely,  by  Meckel,^ 
Devis,*  and  Macalister.'  The  following  notes  are  simply  in- 
tended to  supplement  these  descriptions,  and  to  supply  such 
omissions  as  have  been  found  to  exist.  It  is  hoped  that  the 
myology  of  the  Civet  will  thus  be  made  available  for  compara- 
tive purposes. 

Muscles  op  the  Head  and  Neck. 

The  facial  muscles  are  well  developed ;  they  include  an 
orbimlaris  palpebrarum  encircling  the  orbit,  and  an  orbicularis 
oris  which  surrounds  the  mouth;  the  latter,  in  addition  to  a 
posterior  bony  attachment,  has  also  an  anterior  one  to  the 
maxillary  alveolar  border  just  above  the  incisor  teeth,  whilst  a 
few  of  its  external  fibres  pass  to  the  lateral  nasal  cartilages. 
There  is  a  strong  levator  lahii  superioris  et  alee  nasi  and  a  rudi- 
mentary levator  augvli  oris.    The  buccinator  is  well  marked. 

The  frontal  moiety  of  the  occipito-frontalis  is  prolonged  as  a 
thin  superficial  muscular  sheet  which  blends  with  the  orbicular 
muscles,  both  in  the  orbital  and  buccal  regions. 

The  muscles  of  mastication  are  arranged  in  the  manner  usually 
found  amongst  carnivores. 

The  temporal  is  very  strong,  and,  as  in  Hysenidae,  not  easily 
separable  from  the  musseter.  This  latter  muscle,  which  has  its 
usual  attachments,  is  only  divisible  to  a  slight  extent,  and  that 
posteriorly,  into  two  strata. 

Of  the  two  pterygoid  muscles  the  external  is  very  small,  and, 
as  in  carnivores  generally,  is  apparently  antagonistic  to  the 

^  AwUomie  Comparic. 

•  "  Notes  on  the  Myology  of  Viverra  Ciretta,"  Joum,  of  Anat,  and  Phya. 
vol.  ii.  p.  206. 

•  '*  The  Muscular  Anatomy  of  the  Civet  and  Tayra,"  Proc  Bay,  Irish  Acad, 
vol.  i  ser.  2,  p.  506. 
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much  xQcre  powerful  internal  pterygoid.      Neither  of   these 
muscles  present  anything  remarkable  in  their  attachments. 

The  auricle  is  furnished  with  superficial  and  deep  cervico- 
auriculares  from  the  ligamentum  nuchag  and  external  occipital 
protuberance  respectively,  to  the  dorsum  of  the  conchal  cartilage. 
A  thin  sheet  of  fleshy  fibres  arises  from  the  temporal  fascia 
immediately  above  the  zygoma,  passes  to  the  ear,  and  divides 
into  two  slips,  one  of  which  is  attached  to  the  anterior  margin, 
and  the  other  (deeper)  to  the  dorsum,  of  the  concha;  this 
muscle  apparently  represents  the  temporo-auricularis  exUrnus  d 
iirUemua,  The  zygoincUico-aurundaris  from  the  back  of  the 
zygoma  runs  to  the  base  of  the  concha  superiorly. 

Sterno-mcLstoid  is*  quite  distinct  from  the  detdo-mastaid,  and 
considerably  exceeds  it  in  size.  The  digastric  is  thick,  and  is 
inserted  into  the  middle  third  of  the  lower  border  of  the  man- 
dible ;  it  is  not  marked  by  any  indication  of  a  median  tendon. 

The  stemuy-hyoid  and  stenfUhthyroid  arise  in  common,  but  soon 
separate  and  have  their  usual  insertions.  The  thyro-hyoid  is 
normal  in  origin  and  insertion,  so  also  a  well-marked  crico- 
thyroid. The  omo'hyoid  is  absent.  The  mylo-hyoid,  genio- 
hyoid, and  genio-hyo-glossKs,  present  no  deviations  from  their 
normal  arrangements  and  connections. 

The  hyo-gloesus  is  comparably  feeble.  Devis^  describes  it 
rightly  as  turning  forward  and  playing  over  the  arch  of  the 
hyoid  cornu,  as  over  a  pulley. 

The  stylo-glossus  is  strong  and  wide.  Its  origin  is  from  the 
middle  of  the  stylo-hyal  bone.  I  was  not  able  to  distinguish 
the  thin  flattish  stylo-hyoid  noted  by  Macalister ;  but  there  is 
a  masto-hyal  running  from  the  para-mastoid  process  to  the 
stylo-hyal  bone,  such  as  Macalister  describes  in  the  Tayra.^ 

SccUeni. — ^Three  in  number,  are  as  described  by  Macalister.  A 
well-marked  longvs  colli  is  arranged  as  in  Hyoma  crocuta^  and 
most  carnivores.  The  rectris  capitis  antictis  major,  from  the 
second  to  the  seventh  cervical  transverse  processes,  and  the 
rectus  minor  from  the  transverse  process  of  the  atlas,  are  inserted 
together  into  the  basi-occiput. 

Splemus  arises  from  posterior  two-thirds  of  the  ligamentum 

^  Loc.  eU.  p.  209.  >  Loe.  cU.  p.  507. 

'  Proc.  Zool.  Soc.  Jbd.  1879,  p.  93. 
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nuchse,  and  from  the  anterior  four  dorsal  spines;  the  greater  part 
of  the  resulting  muscle  passes  to  the  transverse  ridge  of  the 
occiput  and  forms  a  ^lenvas  capitis;  the  remaining  part  of  the 
muscle,  corresponding  to  that  portion  arising  from  the  last  two 
dorsal  spines,  is  joined  by  deeper  fibres  from  the  fourth  and  fifth 
dorsal  transverse  processes,  and  is  inserted  into  the  transverse 
processes  of  the  last  five  cervical  and  the  first  dorsal  vertebrae. 
This  cervical  attachment,  constituting  a  splenitis  colli,  is  not 
usually  found  in  carnivores,  and  does  not  appear  to  have  existed 
in  Macalister's  specimen.  Douglas^  notes  a  cervical  insertion  of 
the  splenius  in  the  dog. 

Compleams. — This  muscle  arises  from  the  two  posterior  cervical 
articular  processes,  the  three  anterior  dorsal  transverse  processes, 
and  also  from  the  middle  line^  reaching  from  the  centre  of  the 
ligamentum  nuchae  as  far  back  as  the  fourth  dorsal  spine.  Its 
insertion  is  into  the  occiput  as  usual ;  the  muscle  is  marked  by 
a  tendinous  intersection. 

Complexus  tertius. — Under  cover  of  the  complexus,  a  series  of 
muscular  slips,  lying  external  to  the  spinalis  colli,  spring  from 
the  transverse  processes  of  the  anterior  three  dorsal  vertebrae, 
and  also  from  the  articular  processes  of  the  posterior  four  cer- 
vical ;  the  fibres,  which  pass  over  two  or  three  vertebrae,  are 
inserted  into  the  laminae  of  those  in  front  as  far  forwards  as  the 
atlas.  A  similar  muscle  has  been  described  in  Hycena  brunnea,^ 
Hycena  croctUa,^  and  Hyrax  captnsis.^ 

Of  the  sub-occipital  group  of  muscles  the  inferior  oblique  is 
by  far  the  largest ;  the  superior  oUigue  is  inseparable  from  the 
outer  margin  of  the  complexus.  The  rectus  cap.  post,  major  is 
strong  and  bilaminar.  Rectus  cap.  post,  minor  has  its  usual 
position  and  attachments. 

The  spinalis  coUi  extends  from  the  sides  of  the  anterior  three 
or  four  dorsal  spines  to  the  spines  of  the  cervical  vertebrae  as  far 
forwards  as  the  axis.  Devis  notes  that  a  slip  from  the  longus 
colli  is  given  to  this  muscle  opposite  each  vertebra;  this  certainly 
is  not  the  case  in  my  specimen. 

*  Douglas,  Myographidb  CoinparatoB — specimen  (1707),  p.  78. 

*  Murie,  Trans,  Zool.  Soc.  Lond.  vol.  vii.  p.  511. 
'  Proc,  Zool.  Soc  Jail.  1879,  p.  94. 

*  Mivart  and  Marie,  Proc  Zool,  Soc.  1885,  p.  883. 
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Muscles  of  the  Back,  Thorax,  and  Abdomen. 

The  trapezius  is  very  extensive;  it  arises,  broad  and  fascial,  from 
the  occipital  crest,  and  reaches  as  far  back  as  the  tenth  dorsal 
spine.  The  anterior  or  clavicular  part  of  the  muscle  is  joined 
on  its  deeper  aspect  by  an  accessory  band  which  springs  from 
the  paramastoid.  The  fibres  are  prolonged,  to  be  inserted  low 
down  on  the  anterior  surface  of  the  humeral  shaft,  on  a  line 
with  the  delto-pectoral  ridge.  There  is  a  clavicular  tendinous 
intersection.^  The  remaining  or  scapular  portion  of  the  trapezius 
is  inserted  into  the  spine  of  the  scapula. 

A  trac}iel(Micromial  is  described  by  Devis'  as  ''blending 
imperfectly  with  the  rhomboideus."  Macalister,^  on  the  other 
hand,  states  that  "  it  is  inserted  remote  from  the  rhomboid,  at 
least  2*1  inches  from  it ;"  Meckel^  also  not^  its  presence  in 
viverra.  In  my  specimen  the  trachelo-acromial  does  not  exist 
as  a  separate  muscle. 

Shoniboideus  has  no  occipital  attachment,  its  origin  is  from 
the  middle  line  reaching  from  the  spine  of  the  axis  to  the  fourth 
dorsal  spine.  The  laiissimus  darsi  is  small,  and  arises  from  the 
posterior  nine  dorsal  spines  and  lumbar  aponeurosis.  As  in 
Hysena  there  is  no  costal  attachment.  Its  insertion  is  intimately 
united  with  that  of  the  teres  major,  and  with  the  humeral  attach- 
ment of  the  pannieulus.  It  sends  off  a  well-marked  dorso- 
epUrocJUearis  to  the  ulnar  side  of  the  olecranon. 

Serratvs  magnus  springs  from  the  last  six  cervical,  and  the  first 
dorsal  transverse  processes;  its  costal  slips  come  from  the  anterior 
eight  ribs,  excluding  the  first.  Its  insertion  is  into  the  ventral 
aspect  of  the  spinal  border  of  the  scapula. 

Superior  and  inferior  serrati  postici  are  distinguishable  only 
by  the  different  direction  of  their  fibres. 

The  subdivisions  of  the  erector  spince  are  much  as  in  Hycena 
brunnea,  or  IT.  crocuta;  the  peculiar  relationship  as  regards 
their  size  in  these  animals  ^  is  perhaps  not  quite  so  marked  here. 

Sacro  lumbalis  is  very  small,  and  only  reaches  to  the  last  rib ; 

^  The  part  of  the  muscle  jnst  described  corresponds  to  the  levator  humeri  prO' 
prills  in  Hycena  crocuta. — Froc.  Zool.  Soc.  1879,  p.  97. 

•  Loc.  eit.  p.  208.  '  Loe,  eU,  p.  607. 

*  Anatomie  Compar^y  vol.  vi.  p.  237.  '  Proc.  Zool  Soc.  1879,  p.  95, 
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a  fairly  developed  musculus  accessorius  is  prolonged  tx)  the  first 
rib,  wliilst  a  few  muscular  fibres,  continued  to  the  transverse 
processes  of  the  posterior  two  cervical  vertebrae,  form  the  only 
representative  of  a  cervicaiis  ascendens. 

The  longissimus  dorsi  is  separated  from  the  sacro  lumbalis  by 
the  elevator  caudse;  a  transverscdis  cervids  reaches  up  to  the  last 
three  cervical  transverse  processes.  This  latter  muscle  is  much 
weaker  in  the  Civet  than  in  Hyaena.  In  the  former,  however, 
there  is  a  trachelo-mastoid,  which  is  absent  in  the  latter;  this 
muscle  is  somewhat  peculiar,  inasmuch  as  at  its  origin  it  is 
separated  from  the  transversalis  cervicis  by  the  cervical  inser- 
tion of  the  splenius. 

Spinalis  dorsi  is  very  strong ;  it  extends  to'  the  fifth  cervical 
spine. 

The  IrUercostales  are  arranged  as  usual,  so  also  the  levatores 
costoLTum. 

There  is  a  single  supracostalia  from  the  middle  third  of  the 
sternum  to  the  first  rib. 

The  rectus  abdominis,  as  usual  in  carnivores,  is  prolonged  to 
the  first  rib. 

The  abdominal  muscles  are  arranged  in  the  usual  manner. 

A  QtuidrcUvs  lumborum  from  the  ilium  posteriorly  reaches  as 
far  as  the  first  lumbar  transverse  process.  It  is  very  feeble ;  no 
fibres  pass  to  the  last  rib. 

There  is  a  psoas  parvus,  which  is  largely  fascial,  and  a  well- 
marked  ^soo^  WAignus;  this  latter  is  joined  by  a  small  iliacus; 
the  two  muscles  take  their  usual  insertion. 

The  coccygeus  is  well  developed.  The  muscles  of  the  tail 
agree  closely  with  those  of  the  Hyaena.^  They  are,  however, 
comparatively  larger,  and  take  more  extensive  origins. 

Muscles  of  the  Fore  Limbs. 

Pectoralis  major. — This  muscle  consists  of  three  strata;  one 
superficial,  arises  from  the  presternum,  and  also  the  mesoster- 
num  as  far  back  as  the  junction  of  the  fifth  costal  cartilage,  it 
passes  to  the  lowest  part  of  the*  delto-pectoral  ridge.  The  deepest 
stratum  has  more  extensive  attachments.    It  arises  from  the  whole 

*  Pfoc.  Zool,  Soe,  1879,  p.  S6. 
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length  of  the  sternum,  except  the  presternum,  and  is  inserted 
beneath  the  superficial  part,  reaching  up  as  far  as  the  bead  of 
the  humerus ;  the  lowest  fibres  pass  to  the  fascia  over  the  biceps, 
and  appear  to  correspond  to  the  xiphi-stemo-humeral  of  Mac- 
alister.^  Between  the  superficial  and  deep  strata  an  intermedi- 
ate set  of  fibres  runs  to  the  pectoral  crest  immediately  above  the 
insertion  of  the  superficial. 

Macalister  describes  accurately  a  fourth  pectoral,  ''or  the 
brachio-lateral  part  of  the  panniculus." 

The  pectoralis  mmor,  as  usual  in  carnivores,'  is  wanting. 

The  deltaid  consists  of  acromial  and  scapular  portions,  which 
are  inserted  together  on  the  delto-pectoral  ridge.  The  clavicular 
portion  described  by  Macalister  as  passing  down  to  a  radial  in- 
sertion,  corresponds  to  those  fibres  of  the  trapezius  previously 
described,  which  are  below  the  ckvicular  intersection.  In  my 
specimen  they  did  not  reach  to  the  radius. 

The  scapular  muscles  are  all  arranged  in  the  usual  manner. 
The  teres  minor  is  distinct  The  remaining  muscles  of  the  upper 
arm  include  a  short  coraco-brackialis,  a  biceps,  coracoid  in  origin 
and  entirely  radial  in  insertion ;  a  strong  brachicdis  anbicus,  ulnar 
in  insertion,  and  a  powerful  tric^.  There  is  also  a  well-marked 
anconeus  extemus. 

In  the  fore  arm  a  strong  pronaior  radii  teres  has  an  extensive 
insertion  into  the  lower  half  of  the  external  border  of  the  radius; 
the  pfoiMiior  quad/ratus  occupies  the  lower  third  of  the  radius 
and  ulna. 

The  flexor  group  comprises  a  F,  carpi  radialis — ^to  the  second 
metacarpal — and  a  separate  F.  carpi  vlnaris  (the  condyloid  and 
olecranal  heads  of  which  soon  unite),  inserted  into  the  pisiform 
and  fourth  metacarpal  bones.  The  pcUmaris  longvs  is  double, 
and  forms  two  slender  muscles,  the  tendons  of  which  pass  separ- 
ately into  the  palm. 

Flexor  profuridus  is  as  described  in  detail  in  Hysena.^  It 
consists  of  a  large  muscular  mass,  ending  inferiorly  in  a  broad 
tendon,  from  which  slips  are  given  off  to  the  five  digits. 

The  superficial  fibres  of  this  mass  constitute  a  flexor  sublimiSy 
they  end  on  three  ^delicate  tendons,  which'  pass  to  the  three 

^  Loc  eiL  p.  508.  *  Cayier,  Le^oM  tPAntU,  Comp,  vol.  i.  p.  266. 

'  ProG,  Zool  Soe.,  Jan.  1879,  p.  99. 
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middle  digits,  and  are  disposed  in  the  usual  manner.  The  outer- 
most digit,  however,  is  not  devoid  of  a  superficial  flexor,  but  is 
furnished  with  a  special  palmar  muscle,  which  takes  origin  from 
the  annular  ligament,  the  pisiform  bone,  and  from  the  ulnar 
tendon  of  the  palmaris  longus;  its  tendon  passes  to  the  fifth 
digit,  and,  after  being  pierced  by  the  corresponding  deep  tendon, 
is  inserted  into  the  second  phalanx. 

Devis  ^  refers  to  this  muscle,  and  calls  it  an  "  accessorius.''  It 
appears  to  correspond  to  what  Murie  and  Mivart^  term  the 
"  flexor  brevis  manus  "  in  the  Ryrax  capensis, 

A  small  but  similar  slip  runs  in  the  Civet  to  the  fourth  digit. 
It  joins  the  proper  flexor  perforatus  tendon. 

The  supinator  longtis  is  distinct  and  normal ;  there  is  also  a 
strong  supinator  brevis,  with  the  usual  connections. 

The  extensor  group  includes — Extensores  carpi  rod,  Umgiur  et 
brevior  more  or  less  inseparable,  a  strong  ext,  carp,  vinaris,  and 
a  well-defined  ext,  commtmis  digitorum. 

The  ext.  minimi  digiti  terminates  in  three  tendons,  which  are 
distributed  to  the  three  outer  toes.  They  join  the  tendons  of 
the  common  extensor.  A  conjoined  ext.  secundi  et  indicis  springs 
from  the  posterior  border  of  the  ulna,  and  is  distributed  to  the 
poUex  and  index. 

The  ext,  ossis.  met.  pollids  is  very  large;  it  arises  from  both 
radius  and  ulna,  and  is  inserted  solely  into  the  metacarpal  of 
the  thumb.    There  is  no  separate  ext.  primi  internodii. 

Lambricales  are  four  in  number.  They  pass  to  the  four  outer 
digits,  and  are  arranged  in  the  usual  manner,  thus  diiOfering  from 
Hyaena.' 

The  intrinsic  muscles  of  the  hand  consist  of  an  adductor 
pollids,  addwstor  minimi  digiti,  and  a  small  adductor  indicis. 
There  are  also  distinct  abductors  and  flexors  of  the  great  and 
little  toes  respectively.  Neither  is  furnished  with  an  opponens. 
The  remaining  digits  have  associated  with  them  flexores  breves, 
arranged  in  pairs  in  relation  to  each  metacarpal  shaft  It  is 
interesting  to  note  that  the  radial  belly  of  the  flexor  brevis  of 
the  index  digit  is  joined  by  a  strong  slip  from  the  metacarpal  of 
the  poUex,  which  forms  an  abductor. 

^  Loc.  cU.  p.  218.  *  Proc.  Zool.  Soc.  1865,  p.  841. 

»  Loc,  cU.  Jan.  187d,  p.  100 
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Muscles  of  the  Hind  Limbs. 

Oluteics  maocimus  (eostemvs)  arises  from  the  fascia  covering  the 
gluteus  medius  and  muscles  of  the  back,  as  well  as  from  the 
three  anterior  caudal  vertebrse.  The  anterior  fibres,  which  are 
with  difficulty  separable  from  the  tensor  fascia  femoris^are  inserted 
into  the  fascia  lata. 

The  arrangement  of  the  posterior  fibres  is  remarkable.  They 
form  small  but  distinct  muscular  bundles  disposed  in  two  strata. 
The  superficial  stratum  comprises  four  such  bundles,  and  the 
deep,  three.  All  the  superficial  bundles,  with  the  mesially 
placed  of  the  deeper  three,  are  inserted  into  the  shaft  of  the 
femur,  and  reach  down  to  its  lower  third.  The  anterior  of  the 
deep  bundles  passes  under  cover  of  the  biceps  to  end  below  it  in 
the  fascia  on  the  outer  side  of  leg;  whilst  the  posterior  bundle 
joins  the  semi-tendinosus  half-way  down  the  thigh,  and  consti- 
tutes its  caudal  origin. 

Gluteus  medius  and  gluteus  minvnius  are  normal  and  separate; 
there  is  also  a  ghdeus  quartvs,  from  the  acetabular  border  of  the 
ilium  to  an  insertion  with  the  minimus  into  the  great  tro- 
chanter,  and  a  gluteus  quirUus  from  the  anterior  border  of  tiie 
acetabulum,  over  the  rectus  tendon,  to  the  anterior  intertroch- 
anteric line.  This  corresponds  to  the  gluteus  quartus  of  the 
Spotted  Hyaena,* 

The  pjfriformis  is  quite  distinct  from  the  gluteus  medius,  and 
is  inserted  with  it.  The  great  sciatic  nerve  passes  below  this 
muscle. 

The  gemeUi  are  united  beneath  the  tendon  of  the  obturator 
irUemus  with  which  they  are  inserted.  The  obturator  eodemus 
and  guadratus  femoris  have  their  usual  attachments. 

Biceps  with  a  narrow  origin  from  the  tuber  ischii,  has  a  wide 
insertion  into  the  upper  half  of  the  fascia  on  the  outer  side  of 
the  leg ;  a  bidpiti  accessorius  corresponds  to  the  muscular  slip 
described  in  connection  with  the  gluteus  maximus,  as  being 
inserted  below  the  biceps ;  it  does  not  receive  any  slip  from  the 
semi-tendinosus. 

Semi'Tnembranosus  is  quite  distinct  from  the  adductor  mass ; 
its  insertion  is  into  the  internal  tibial  tuberosity.     Meckel* 

^  Loe.  eU.  101.  »  Loc,  cU.  voL  vi.  p.  S86. 
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^  Loe,  cii.  p.  511.  *  Loe.  eit,  p.  103. 

>  Loc.  eU.  p.  511.  «  Loe.  cU,  p.  102. 
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describes  the  union  of  the  semi-membranosus  with  the  adductor 
to  be  usual  in  carnivores — but  notes  its  existence  as  a  separate 
muscle  in  HysBua^  Bear,  Eacoon,  and  Cbati.  Macalister^  also 
found  it  "quite  separate  from  the  adductor  primus  in  Galera,  not 
so  in  Viverra" 

The  semi'tendinostis,  has  an  ischiatic  origin  in  common  with 
the  biceps.  It  also  receives  a  caudal  slip.  The  two  heads 
unite  about  half-way  down  the  thigh,  the  union  being  marked 
by  a  tendinous  intersection.  Insertion  is  into  the  tibia  beneath 
the  gracilis.  i 

The  sartorius  is  single,  with  a  broad  insertion  into  the  patella  j 

as  well  as  into  the  tibia.    In  Hysena  crocuta'  this  muscle  is  ' 

double;  so  Macalister  found  it  in  the  Civet,  whilst  he  notes  its  ^ 

undivided  character  in  the  Tayra.  « 

The  gracilis  presents  the  ordinary  relations. 

PectiTieuSf  which  both  Devis  and  Macalister  describe  as  small, 
I  find  very  laige,  and  possessing  an  extensive  insertion,  which 
reaches  half-way  down  the  femoral  shaft  The  muscle  is  double 
at  its  insertion,  and  its  superficial  fibres  may  represent  an 
adductor  longus,  such  as  Macalister  ^  notes  in  Galera.  The  dis- 
tinction between  the  vastus  intemus  and  crureus,  is  somewhat 
more  strongly  defined  than  usual,  otherwise  the  quadriceps 
extensor  presents  no  deviation  from  the  regular  arrangement.  Its 
components  present  the  ordinary  relations  and  attachments. 

The  oddtLctor  muscles  are  as  described  by  Macalister,*  except 
that  the  adductor  primus  is  quite  distinct  from  the  semi-mem- 
branosus.  In  this  respect  Viverra  also  differs  from  Hycena 
croctUa,^  otherwise  with  the  exception  that  in  the  Civet  the 
adductor  secundus  (A.  brevis  in  Hysena)  is  easily  separable  into 
two  planes,  the  muscles  are  identical  in  the  two  animals. 

The  gastrocnemius  arises  by  two  heads,  of  which  the  external 
is  the  larger; — a  fabella  exists  in  the  outer  head  only — ^Its  inser- 
tion below  is  into  the  os  calcis ;  a  separate  soleus  arises  from  the 
head  of  fibula,  and  from  the  fascia  attached  to  the  external  border 
of  the  tibia;  its  tendon,  separated  from  that  of  the  gastrocnemius 
by  a  bursa,  ia  inserted  along  with  the  latter  into  the  os  calcis. 
The  ^/aTz^am  tendon  passes  the  tuberosity  of  the  os  calcis,  and. 
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expanding  on  the  sole,  forms  the  origin  of  the  flexor  brevis 
digitorom. 

The  poptUeiis,  comparatively  large,  has  the  usual  attachments ; 
it  reaches  down  nearly  to  the  middle  of  the  tibia.  Tibialis 
posticus  arises  from  the  posterior  surfaces  of  both  tibia  and  fibula 
and  passes  to  the  scaphoid. 

The  flexor  longus  digitorum  is  tibial  in  origin;  its  tendon  runs 
into  the  sole,  and  is  there  joined  by  that  of  the  flexor  longiis 
haUucis;  the  resulting  broad  and  flattened  tendon  divides  into 
five,  which  are  distributed  to  the  respective  toes  in  the  usual 
manner. 

A  flexor  accessoritcs,  from  the  external  surface  of  the  os  calcis, 
joins  the  common  tendon  superficially ;  its  fibres  seem,  however, 
to  be  more  particularly  prolonged  towards  the  tendinous  slip 
distributed  to  the  great  toe. 

The  flexor  longtis  Jiallucis,  fibular  in  origin,  is  quite  separate 
from  the  flexor  longus  digitorum  in  the  leg. 

Fleocor  brevis  digitorum  (perforatus),  as  previously  stated, 
^  springs  mainly  from  the  tendon  of  the  plantaris,  as  in  Hyasna 

striata,  and  Gat;^  additional  fibres,  however,  come  from  the 
OS  calcis.  It  terminates  in  four  tendons,  for  the  outer  toes,  each 
of  which  receives  a  small  muscular  slip  from  the  common  deep 
flexor  tendon.  These  little  slips,  which  are  given  off  just  before 
the  division  of  the  deep  tendon,  seem  to  correspond  to  the  so- 
called  lumbricales  in  Hyoena  striata  ^  and  Hyoena  crocuta,^ 

In  the  Civet  there  are  also  four  lurribricales,  which  are  arranged 
in  the  usual  manner. 

Peroneus  longus,  with  a  fibular  origin,  is  inserted  into  the  fifth 
and  first  metatarsals.  Peroneus  brevis,  from  the  upper  two-thirds 
of  the  fibula,  goes  to  the  fifth  metatarsal.  There  is  also  a  third 
peroneus  ("peroneus  quinti,"  Macalister),  which  arises  behind 
the  peroneus  brevis ;  its  tendon  joins  that  of  the  extensor  of  the 
fifth  toe.  Devis  *  describes  this  muscle  under  the  name  of  the 
"  JSxtensor  prqprius  quinti  digiti" 

Tibialis  arUiciis  is  large.  It  possesses  both  tibial  and  fibular 
origins,  and  is  inserted  into  the  metatarsal  of  the  hallux. 

^  Meckel,  vol.  vi.  p.  451. 

^  Cnvier  and  Laurillard,  '*  JteeuHl  de  Planches  de  Myologie,"  PI.  141,  fig.  8. 

>  Proc.  Zool  Soe,  1879,  p.  104.  ••  Loe,  ciL  p.  217. 
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The  extensor  halluds  is  quite  separate  but  small,  its  origin, 
from  the  fibula  below  that  of  the  tibialis  anticus,  measures 
only  about  half  an  inch ;  it  is  inserted  solely  into  the  phalanges 
of  the  great  toe. 

The  extensor  longm  digitorum  is,  as  usual  in  carnivores,  femoral 
in  origin.  Its  tendons  are  distributed  to  the  four  outer  toes; 
an  extensor  hrems  digitorum  springs  from  the  os  calcis,  and  gives 
tendons  to  the  four  inner  toes. 

The  intrinsic  muscles  of  the  pes  are  arranged  very  much 
like  those  of  the  manus.  The  adductor  group  consists  of  three 
muscular  slips,  all  situated  in  the  same  plane,  which  spring  from 
the  ligamentous  structures  beneath  the  distal  tarsal  bones,  and 
are  distributed  so  as  to  constitute  adductores  minimi  digiti, 
haUucis,  and  indicis,  respectively.  Another  set  of  fibres,  very 
slender  but  distinct,  arising  with  the  ailductors  and  occupying 
the  same  plane,  is  inserted  just  below  the  middle  of  the  fifth 
metatarsal  shaft,  and  forms  a  rudimentary  opponens  minimi 
digiti. 

The  great  and  Uttle  toes  are  each  provided  with  well-defined 
and  separate  abductors  and  double  bellied  flexores  breves.  A 
small  muscle  from  the  ento  cuneiform  and  scaphoid  bones  to  the 
proximal  end  of  the  metatarsal  of  hallux  is  the  only  represen- 
tative of  an  opponens  hallucis. 

The  remaining  toes  possess  each  a  pair  of  small  muscles, 
corresponding  in  position  and  arrangement  to  the  flexores  breves 
of  the  first  and  fifth  toes.  The  insertion  of  these  muscles  is 
partly  into  the  proximal  phalanges,  and  partly  into  the  extensor 
tendons  of  the  respective  toes.  Their  function  is  principally 
that  of  flexors  of  the  first  phalanges,  but  acting  separately  they 
may  abduct  or  adduct  the  toes,  whilst,  by  virtue  of  their  insertion 
into  the  extensor  tendon,  they  assist  in  extending  the  distal 
phalanges. 

The  Civet,  therefore,  so  far  as  regards  the  intrinsic  muscles  of 
the  manus  and  pes,  does  not  seem  to  exhibit  so  complete  a  difler- 
entiation  into  distinct  adductor,  flexor,  and  abductor  layers,  as 
Dr  Cunningham  *  describes  in  other  pentadactylous  carnivores, 
but  agrees  rather  with  the  tetradactylous  species,  in  the  posses- 

^  "  On  the  Intrinsic  Miisclcs  of  the  Mammalian  Foot,''  Joum,  of  Anal,  and 
Phys,  ToL  ziii.  p,  9. 
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sion  of  a  distinct  plantar  layer  of  adductors,  whilst  the  flexores 
breves  and  dorsal  interossei  are  not  distinguishable  through- 
out as  separate  layers. 

CONCLTJDING  REMARKS. 

A  comparison  of  the  muscular  system  of  the  Civet  with  that 
of  the  Hyaena  is,  in  view  of  the  close  afl&nities  which  exist 
between  the  Viverridae  and  Hysenidse,  of  considerable  interest. 
Such  differences  as  may  be  distinguished  by  comparing  the 
muscles  of  Viverra  dvetta  with  those  of  Hyosna  cromta  may  be 
briefly  summarised  as  follows: — 

In  the  Civet  the  cleido-mastoid  is  distinct  from  the  stemo- 
mastoid;  there  is  also  a  well-marked  splenius  colli,  and  a 
separate  trachelo-mastoid.  Three  scalene  muscles  are  dis- 
tinguishable, but  in  this  respect,  one  species  of  Hysena^  {Hyccna 
hnmnea)  agrees  with  the  Civet.  In  the  fore  limb  of  Viverra  the 
presence  of  a  long  supinator  and  a  flexor  brevis  manus,  together 
vrith  the  double  nature  of  the  palmaris  longus,  the  absence  of  an 
ulnar  insertion  of  the  biceps,  and  the  more  marked  development 
and  differentiation  of  the  hand  muscles,  is  in  striking  contrast 
with  what  obtains  in  Hyaena. 

The  hind  limb  of  the  Civet  possesses  an  additional  gluteus 
(quartus),  and  a  semi-membranosus,  which  is  not  attached  to  the 
adductor.  There  are  also  a  well-developed  soleus,  and  three 
separate  peroneal  muscles.  Other  points  worthy  of  note  are  to 
be  observed  in  the  undivided  condition  of  the  sartorius,  the 
double  insertion  of  the  pectineus,  the  caudal  origin  of  the  semi- 
tendinosus,  and  the  prolongation  of  the  plantaris  tendon  to  form 
an  origin  for  the  flexor  brevis  digitorum,  whilst  in  the  foot, 
as  in  the  hand,  the  intrinsic  muscles  are  well-developed  and 
differentiated. 

In  all  these  respects  the  Civet  differs  from  the  Hyaena ;  the 
enormous  development  of  the  muscles  of  the  neck  and  fore- 
quarters  in  the  latter  animal;  which  is  so  characteristic  of  its 
genus,  has  no  counterpart  in  the  Civet. 

*  Murie,  Trcms,  Zool.  Soc,  Lond.  toI.  vii. 
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NOTE  ON  THE  ANATOMY  OF  THE  KNEE  JOINT.  By 
W.  Roger  Williams,  M.R.C.S.  L.RC.R  Lond.,  AssidarU 
Demonstrator  of  Aruxtomy  at  University  College,  London. 

In  reflecting  the  skin  from  the  front  of  the  knee  joint  we  find  it 
adheres  firmly  to  the  subcutaneous  fascia  over  the  patella  and 
the  tibial  tubercle,  so  that  if  we  wish  to  eflfect  the  separation  we  ^ 

must  proceed  carefully ;  with  this  precaution  we  shall  nearly  J 

always  find  a  bursa,  about  the  size  of  a  shilling,  between  these 
structures,  over  the  lower  part  of  the  patella.  ) 

This  is  the  only  pre-pateUar  bursa  that  is,  strictly  speaking,  ^      | 

siibcutaneoiis. 

The  skin  is  much  thicker  over  the  patella,  Kgamentum  patellae, 
and  tibial  tubercle,  than  at  the  sides,  where  it  is  but  loosely  con- 
nected with  the  subcutaneous  fatty  tissue. 

We  cannot  fail  to  notice,  when  reflecting  the  subcutaneous 
layer,  that  it  is  thick  and  abounding  in  fat  on  each  side  of  the 
joint,  whilst  in  front,  over  the  patella,  ligamentum  patellae,  and  ^ 
tibial  tubercle,  it  is  thin  and  membranous ;  so  that  on  holding  it 
up  to  the  light  when  detached,  a  correct  impression  of  these 
parts  becomes  visible  by  their  translucency.  This  subcutaneous 
layer  is  but  loosely  adherent  to  the  underlying  fascia  lata,  over 
which,  with  the  skin,  it  is  freely  movable.  Between  these  struc- 
tures, along  the  front  of  the  joint,  I  have  frequently  found  a 
remarkable  series  of  bursce,  sometimes  intercommunicating,  some- 
times quite  separate ;  the  highest,  situated  over  the  lower  part 
of  the  patella,  often  encroaching  slightly  on  the  ligamentum 
patellae,  a  middle  one  placed  over  this  ligament,  and  the  lowest 
over  the  anterior  tibial  tubercle  (superficial  pretibial  bursa). 
One  or  more  of  these  bursae  is  almost  always  present. 

Having  completely  removed  this  subcutaneous  tissue,  we  are 
in  a  position  to  examine  the  fascia  latal  investment.  It  com- 
pletely covers  the  front  of  the  joint,  passing  from  the  inner  side, 
where  it  is  blended  with  the  sartorius  and  the  quadricipital 
expansion,  over  the  patella,  &c.,  to  the  outer  side,  there  to  be 
fixed  to  the  ilio-tibial  band. 

By  reason  of  these  connections  the  sheath  which  it  forms 
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rouBd  the  joint  is  divided  into  an  anterior  and  posterior  com- 
partment. 

This  investment  is  movable  over  the  patella,  and  most  of  the 
front  and  outer  part  of  the  joint,  being  continuous  above  with 
the  fascia  lata  of  the  thigL 

The  fibres  have  a  transverse  arrangement  over  the  front  of  the 

joint :  it  is  a  band  of  these  fibres,  passing  over  the  quadricipital 

tendon  just  above  the  patella,  that  binds  this  tendon  down  and 

I  so  causes  the  slight  concavity  normally  existing  there,  but  which 

!  is  lost  as  soon  as  this  fascia  is  cut    On  the  inner  side  of  the 

joint  its  fibres  pass  nearly  vertically  downwards,  over  those  of 

the  aponeurosis  of  insertion  of  the  sartorius,  the  two  sets  of 

^         fibres  crossing  at  right  angles  and  becoming  intimately  blended. 

The  slight  concavity  of  the  ligamentum  patellae  is  due  to  a 
similar  band  passing  in  front  of  it,  from  the  sartorius  and  fascia 
lata  internally  to  the  ilio-tibial  band  externally.  The  efTect  of 
cutting  these  fibres  is  very  marked. 

It  is  a  common  error  to  mistake  the  transverse  fibres  now 
visible  for  the  lateral  ligaments  of  the  patella ;  but  a  little  care 
will  show  that  the  fascia  simply  passes  over  the  knee-cap  with- 
out having  any  attachment  to  it 

To  display  the  patellar  ligaments,  which  I  am  surprised  to 
find  altogether  ignored  by  the  latest  writer  on  arthrology,  we 
must  mskQ  a  vertical  incision  from  the  middle  of  the  thigh 
over  the  front  of  the  patella,  &c.,  and  turn  the  resulting  fascial 
fiaps  inwards  and  outwards.  It  will  be  found  that  the  outer 
flap  separates  readily ;  the  inner  one,  consisting  of  the  insertion 
of  the  sartorius  blended  with  the  fascia  lata,  rather  less  so, 
^  because  at  its  lower  part  it  is  connected  with  the  expansion  of 

the  quadriceps. 

In  e£recting  this  separation  we  open  a  laige  bursa  over  the 
front  of  the  patella,  usually  about  the  size  of  half-a-crown — ^it 
is  thepcUellar  bursa  par  excellence ;  situate  beneath  the  fascia 
lata,  between  it  and  a  band  of  oblique  fibres  which  pass  from 
without  inwards  across  the  front  of  the  patella,  generally  spoken 
of  as  the  quadricipital  expansion,  but  about  which  I  imagine 
very  clear  ideas  do  not  prevail ;  this  bursa  is  generally  single, 
but  not  unfrequently  multilocular.  Such  a  condition  may  arise 
either  from  the  quadricipital  expansion  being  incomplete  or 
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cribriform,  in  which  case  the  bursa  communicates  with  a  still 
deeper  one  situated  beneath  this  expansion ;  or  it  may  result  from 
a  perforation  of  the  fascia  lata  by  which  the  bursa  opens  into 
the  one  superficial  to  it.  I  have  often  seen  cases  in  which  these 
three  bursas  formed  one  large  multilocular  sac,  the  remnants  of 
the  original  septa  in  the  form  of  irregular  bands  running  across 
the  bursal  cavity ;  and  I  think  it  nearly  certain  that  these  bands 
are  not  unfrequently  the  real  starting-point  of  the  melon-seed 
bodies  often  found  in  the  bursa  when  inflamed.  ^ 

Having  turned  back  the  fascia  Jata  from  the  outer  side  of  the  J 

joint  wc  can  see  the  external  lateral  ligament  of  the  patella. 

This  is  really  an  offset  from  the  ilio-tibial  band,  which  is  fixed 
to  the  lower  half  of  the  outer  border  of  the  patella.  It  is  con- 
nected above  with  the  insertion  of  the  vastus  externus,  which, 
as  will  be  remembered,  is  attached  to  the  upper  half  of  this 
border;  and  it  is  fortunately  very  thick,  forming,  as  it  does 
almost  the  only  covering  for  this  part  of  the  joint,  its  deep  sur- 
face being  in  contact  with  the  synovial  capsule. 

The  great  strength  of  this  ligament  no  doubt  adds  to  the  J 

stability  of  the  patella ;  but  it  seems  to  me  that  M.  Tillaux,  the 
latest  French  writer  on  surgical  anatomy,  has  rather  over-stepped 
the  mark  in  ascribing  to  it  an  important  influence  in  fracture  of 
the  patella.  According  to  this  author^  the  gravity  of  such  a  case 
will  depend  on  the  state  of  this  ligament ;  if  it  remain  entire,  it 
will  hold  the  fragments  together,  but  in  the  event  of  its  being 
torn  they  will  be  widely  separated.  This  explanation,  however, 
scarcely  accords  with  the  anatomical  facts,  for  the  ligament, 
being  fixed  only  to  the  lower  half  of  the  patella,  can  have  no 
influence  in  maintaining  the  fragments  in  apposition. 

On  turning  back  the  inner  flap  we  raise  with  it  some  fibres  ^ 

of  the  insertion  of  the  sartorius,  which  unite  with  and  strengthen  i 

the  fascia  latal  envelope  at  this  part ;  but  further  separation  is 
prevented  by  the  blending  of  the  fascia  lata  with  the  subjacent 
quadricipital  expansion.  However,  with  a  little  aid  from  the 
scalpel,  there  is  no  difficulty  in  completely  isolating  this  expan- 
sion. It  is  of  a  triangular  shape,  springing  by  its  base  from  the 
tendons  of  the  vastus  externus,  rectus,  and  vastus  intemus,  at 

^  ATuUomie  Topographiqtie  avec  applications  d  la  chirurgie,  p.  ^965,  deuziime 
Edition. 
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about  an  inch  above  the  patella^  by  far  the  largest  number  of 
fibres  being  derived  from  the  vastus  extemus.  The  band  thus 
formed,  narrowing  as  it  descends,  passes  obliquely  from  without 
inwards  across  the  front  of  the  patella — over  which  it  slides 
readily — to  the  inner  side  of  the  tibia,  where  it  is  fixed  by  its 
apex  just  below  the  inner  tuberosity;  here  it  blends  with 
internal  lateral  ligament  of  the  knee  joint,  whence  Cruveilheir 
spoke  of  it  as  forming  an  accessory  internal  lateral  ligament. 
Its  tibial  attachment  is  overlaid  by  the  tendinous  laminae  of  the 
sartorius,  gracilis,  and  semitendinosus.  I  am  greatly  indebted 
to  Professor  Turner  for  calling  my  attention  to  an  article  by 
John  Gk)odsLr  on  the  anatomy  of  the  knee  joint,^  in  which  this 
distinguished  anatomist  has  described  with  great  perspicuity  the 
physiological  import  of  many  structural  details  in  connection 
with  this  joint.  I  was  thus  led  to  consider  the  use  of  the 
quadricipital  expansion,  which  I  have  shown  is  made  up  chiefly 
of  fibres  from  the  vastus  extemus.  The  considerable  strength  of 
the  band  seems  to  indicate  important  function.  The  whole  ex- 
pansion would  be  tightened  by  contraction  of  the  quadriceps,  i.e., 
during  extension,  and  the  obvious  effect  of  this  would  be  to  cause 
an  outward  rotation  of  the  leg.  In  short,  I  conclude  that  the 
outward  rotation  of  complete  extension  is  chiefly  effected  through 
this  expansion. 

In  order  to  expose  the  internal  lateral  patellar  ligament  it  is 
necessary  to  remove  this  expansion^  which  is  best  done  by 
detaching  its  apex  and  turning  it  upwards.  If  the  band  is  com- 
plete we  usually  find  a  bursa  underneath,  between  it  and  the 
vertical  fibres  of  the  great  extensor  tendon,  which  are  fused  to 
the  front  of  the  patella.  From  the  insertion  of  the  vastus  intemus 
into  the  upper  part  of  the  inner  border  of  the  patella,  a  thin  layer 
of  fibres  passes  downwards  beneath  the  quadricipital  expansion, 
and  in  front  of  the  inner  part  of  the  intercondyloid  notch,  internal 
to  the  ligamentum  pateUse,  to  be  attached  to  the  edge  of  the  inner 
tuberosity  of  the  tibia  anteriorly :  this  may  be  called  the  proper 
expansion  of  the  vastus  internus  to  distinguish  it  from  the 
quadricipital  expansion.  Of  this  Goodsir  says,  ''it  assists 
directly  in  the  outward  rotation;''  and  though  this  may  be 
admitted,  I  should  not  imagine,  on  account  of  its  tenuity,  that  it 

^  QoodMi'B  AiuUomical  Memoirs,  vol.  iL  p.  228. 
VOL.  XIV.  N 
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functions  very  actively.  The  internal  lateral  ligament  of  the 
patella  which  is  now  visible  is  fixed  to  the  lower  part  of  the 
inner  border  of  this  bone,  being  blended  with  the  insertion  of 
the  vastus  internus  and  with  the  upper  part  of  its  proper  expan- 
sion. The  ligament  consists  of  a  slight  band  of  nearly  transverse 
fibres,  which  pass  from  the  inner  condyle,  of  the  femur  immedi- 
ately below  the  tubercle  for  the  adductor  magnus  tendon  to  the 
point  just  mentioned.  It  will  be  gathered  from  this  description 
that  the  patella  is  covered  in  front  by  four  distinct  layers,  not 
including  the  fibres  of  the  quadriceps  tendon  fused  to  its  front, 
viz.,  skin,  superficial  fascia,  fascia  lata,  and  quadricipital  expan- 
sion, beneath  each  of  which  a  separate  bursa  may  be  found. 
Since  writing  this  description  entirely  from  my  own  observa- 
tions,  Mr  E.  W.  Lyell  has  called  my  attention  to  an  article  by 
Professor  Volkmann  in  the  Handhick  der  Chirv/rgie  of  Pitha 
and  Billroth,  in  which  this  eminent  surgeon,  following  the  mono- 
graphs of  several  authors,  has  described  and  figured  a  somewhat 
similar  condition. 

From  these  considerations  the  following  are  a  few  of  the  most 
obvious  deductions.  Should  the  subcutaneous  bursa  suppurate, . 
the  resulting  abscess  will  probably  be  circumscribed,  owing  to 
the  intimate  adhesion  between  the  skin  and  the  subcutaneous 
fascia,  and  it  will  most  likely  open  in  front  In  the  event  of 
the  bursa  beneath  the  superficial  fascia  being  similarly  affected, 
fliere  wiU  be  great  danger  of  the  pus  dififtising  itself  over  the 
front  of  the  joint,  and  even  of  its  passing  behind  to  the  popliteal 
space,  on  account  of  the  slight  connection  between  the  superficial 
and  deep  fascia.  The  abscess  will  certainly  be  extensive  if  the 
bursa  over  the  patella  communicates  with  those  over  the  liga- 
mentum  patellae  and  the  tibial  tubercle,  as  is  not  unfrequently 
the  case ;  and  a  further  complication  will  arise  should  this  bursa 
communicate  with  the  one  beneath  the  fascia  lata.  Supposing 
the  latter  bursa  to  suppurate  without  any  such  communication 
taking  place,  pus  may  still  spread  over  the  front  of  the  joint ; 
but  it  will  not  be  likely  to  find  its  way  round  to  the  popliteal 
space  because  of  the  blending  of  the  fascia  lata  with  the  ilio- 
tibial  band  on  the  one  side,  and  with  the  expansions  of  the 
sartorius  and  the  quadriceps  on  the  other.  A  diffusion  of 
pus  at  this  level  will  appear  more  deeply  seated  than  that 
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pievioasly  described^  because  of  its  being  bound  down  by  the- 
strong  fascia  lata.  Abscess  seated  beneath  the  quadricipital 
expansion,  however,  is  the  variety  most  likely  to  lead  to  serious 
mischief;  for,  being  very  closely  confined,  it  would  have  a  ten- 
dency to  induce  caries  of  the  patella. 

Many  of  the  cases  of  so-called  regeneration  of  the  patellar 
bursa  after  its  excision  may  be  accounted  for  by  one  of  the 
deeper  bursae  becoming  diseased,  in  consequence  of  the  removal 
of  its  protecting  pad. 

In  making  the  above  dissection  it  will  be  noticed  that  the 
fatty  cushion  separating  the  ligamentum  patellae  from  the  head 
of  the  tibia  bulges  in  front  on  each  side  of  the  ligament  It  has 
occurred  to  me  that  the  thickening  at  this  part  of  the  joint  in 
cases  of  chronic  synovitis,  which  persists  long  after  the  fluid  has 
been  absorbed,  causing  great  weakness,  is  due  to  the  hypertrophic 
induration  of  this  fatty  mass. 

Another  little  point  to  which  I  wish  to  call  attention  is»  that 
a  bursa,  previously  undescribed,  almost  invariably  exists  be- 
tween the  ilio-tibial  band  and  the  synovial  doubling  over  the 
outer  side  of  the  external  condyle  of  the  femur. 

The  large  bursa  separating  the  quadricipital  tendon  from  the 
front  of  the  femur  is  often  regarded  as  a  synovial  cul-de-sac ; 
out  I  incline  to  the  opinion  of  Cruveilhier  and  Tillaux  that  its 
origin  is  bursal  and  distinct  from  the  synovial  membrane. 
In  about  twenty-five  cases  I  examined  I  found  only  two  in 
which  it  was  quite  separate  from  the  joint,  and  this  nearly 
corresponds  with  Tillaux's  figures.  In  not  quite  hadf  the  cases 
the  remains  of  a  septum  were  obvious — ^the  central  perforation 
varying  in  size  from  a  threepenny  piece  to  a  florin. 

In  addition  to  this  I  have  found  three  other  small  elongated 
bursae  grouped  round  the  upper  part  of  the  patella : — 

(1.)  Median,  situated  in  front  of  the  subquadricipital  bursa, 
intervening  between  the  back  of  the  extensor  tendon  and  the 
sharp  posterior  edge  of  the  patellar  base. 

(2.)  External,  where  the  vastus  extemus  plays  over  the  sharp 
outer  edge  of  the  intercondyloid  notch,  a  smaU  bursa  intervenes 
between  the  tendon  and  the  synovial  reflection.  It  is  generally 
separate. 

(3.)  IrUernal,  interposed  between  the  doubling  of  the  synovial 
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pouch  over  the  inner  edge  of  the  intercondyloid  notch  and  the 
tendon  of  the  vastus  internus. 

In  one  case  I  found  the  last  mentioned  hursa  communicated 
hy  a  small  opening  with  the  median  one,  which  opened  in  its 
turn  by  a  similar  orifice  into  the  front  of  the  subquadricipital 
hursa.  I  think  many  of  the  tumours  apparently  not  communi- 
cating with  the  joint,  observed  round  the  upper  part  of  the  patella, 
may  be  due  to  disease  of  these  bursse. 

In  conclusion,  I  would  add  a  few  words  about  a  structure 
called  by  some  writers  the  posterior  internal  lateral  ligament  of 
the  knee  joint.  It  is  simply  a  band  of  fascia  lata,  situated  nearly 
an  inch  behind  the  internal  lateral  ligament,  which  serves  to  bind 
down  the  tendinous  laminae  of  the  gracilis  and  semitendinosus 
as  these  bend  forward  to  their  tibial  insertion.  Attached  above 
to  the  inner  condyle,  just  below  the  tubercle  for  the  adductor 
magnus,  it  passes  down  as  far  as  the  upper  border  of  the  gracilis, 
where  it  splits  into  two  layers,  one  of  which  descends  over  the 
tendon  of  the  gracilis,  between  it  and  the  sartorius,  and  blends 
with  the  fascia  lata  covering  the  gastrocnemius ;  the  other  passes 
over  the  semitendinosus,  between  it  and  the  gracilis,  blending 
below  with  the  aponeurotic  expansion  of  this  muscle,  the  fascia 
lata,  and  the  tibial  periosteum. 
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ON  THE  DEVELOPMENT  OF  FIBROUS  TISSUE  FROM 
THE  HEPATIC  PARENCHYMA,  IN  CIRRHOSIS  OF 
THE  LIVER.  By  D.  J.  Hamilton,  M.B.,  Demonstrator  of 
Pathology,  University  of  Edimhwrgh;  Pathologist  to  the 
EdivJmrgh  Soyal  Infirmary,    (Plate  VIII.) 

In  a  paper  by  MM.  Eliener  and  Eelsch  (Archives  de  Physiologie 
norfnale  et  Pat?u>logique,  August  1879),  I  was  gratified  to  find 
that  they  had  described  appearances  in  cirrhosis  of  the  liver,  re- 
lating to  the  origin  of  the  fibrous  tissue  from  liver  cells,  which 
have  been  familiar  to  me  for  some  time  past,  and  which  I  have 
had  opportunity  of  verifjring  in  several  instances.  In  most  par- 
ticulars their  description  of  these  appearances  is,  according  to 
my  experience,  correct ;  but  there  are  some  points  unnoticed  by 
them  which  seem  to  be  of  considerable  importance  in  under- 
standing what  at  first  sight  appears  to  be  a  very  extraordinary 
feature  in  histogenesis.  Their  observations  were  in  a  manner 
anticipated  by  those  of  Dr  J.  Wickham  Legg  on  the  same  sub- 
ject, who,  in  1872  (St  Bartholomew's  Hospital  JReports),  hinted  at 
the  probable  origin  of  fibrous  tissue  in  cirrhosis  of  the  liver  from 
the  liver  parenchyma.  He  did  not  very  clearly  illustrate  how 
it  is  actually  accomplished,  but  seemed  undoubtedly  to  have  met 
with  appearances  indicative  of  the  transformation  of  the  one 
into  the  other.  Several  authors  had  before  this  described  what 
they  considered  to  be  the  formation  of  fibrous  tissue  from  liver 
cells,  in  experimental  inquiries  on  acute  hepatitis  in  animals ; 
and  although  their  observations  were  refuted  by  subsequent  ob- 
servers, such  as  Josef,  there  seems  little  doubt  that  what  was 
described,  for  instance  by  Holm  (Wiener  Sitzungsberichte,  1867), 
was  accurately  stated  and  interpreted.  The  division,  subdivision, 
and  ultimate  transformation  of  the  liver  cells  into  fibrous  tissue, 
which  he  saw  in  the  livers  of  certain  animals,  is  strictly  in  keep- 
ing with  what  occurs  in  the  human  subject.  Since  these  obser- 
vations were  made  the  subject  fell  into  abeyance,  until  the  paper 
above  quoted,  by  MM.  Eliener  and  Kelsch,  has  again  brought  it 
into  notice. 
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It  is  usually  supposed  that  the  liver  cells  play  a  passive  part 
in  the  cirrhotic  disease;  the  individual  lobules,  or  groups  of 
lobules,  being  surrounded  by  fibrous  tissue,  are  supposed  merely 
to  undergo  atrophy  from  the  pressure  exerted  upon  them,  but  no 
higher  power,  such  as  that  of  constructing  a  new  tissue,  has 
generally  been  attributed  to  them.  This  is  to  be  accounted  for 
by  the  fact  that  in  most  cases  the  organ  is  in  a  quiescent  state 
at  the  time  of  death,  a  state  in  which  the  previously  formed 
cicatricial  tissue  is  simply  contracting  on  the  liver  lobules  which 
it  surrounds.  In  such  a  condition  the  liver  cells  exhibit  no  active 
changes,  and  are  unsuited  for  the  study  of  the  manner  in  which 
the  fibrous  tissue  is  developed.  There  seems  little  doubt  that 
in  a  cirrhosis  of  the  Uver,  extending  over  a  course  of  several 
years,  exacerbations  of  a  sub-acute  nature  occur  every  now  and 
again,  by  which  fresh  cicatricial  material  is  provided,  while,  in 
the  intervals,  the  organ  is  in  reality  suJBTering  from  the  mechanical 
effects  of  the  contraction  of  this  newly-formed  tissue  upon  its 
secreting  cells.  The  activity  of  the  Kver  cells  seems  to  vary 
according  to  the  stimulation  to  which  they  are  subjected  by  the 
presence  of  some  irritant.  It  is,  on  this  account,  only  occasion- 
ally that  an  opportunity  is  afforded  of  procuring  an  organ  in 
which  the  acute  proliferative  changes  are  actually  present  at  the 
time  of  death.  In  examining  a  series  of  cirrhotic  Uvers  one  is, 
however,  sometimes  met  with  in  which  these  acute  or  sub-acute 
changes  are  still  in  full  activity,  and  in  which  the  origin  of  the 
fibrous  tissue  found  in  the  organ  can  be  conveniently  studied.  It 
is  from  such  that  the  following  description  is  taken. 

To  the  naked  eye  these  organs  present  no  distinctive  feature. 
They  have  the  usual  small  nodulated  character,  and  are  some- 
times jaundiced,  sometimes  not.  In  esu^h  of  the  cases  examined 
by  me  the  atrophy  of  the  organ  was  great,  and  in  the  furrows 
between  the  "hob-nair*  projections  on  the  surface,  the  capsule 
seemed  to  be  much  thickened  and  opaque. 

A  low-power  view  (50  diams.)  is  given  of  a  section  of  one  of 
these  livers  in  fig.  1,  running  from  the  capsule  inwards.  Both 
layers  of  the  capsule  are  present ;  the  deep  one  (b)  is  immensely 
thickened,  and  sends  processes  inwards,  which,  after  dividing 
and  subdividing,  surround  and  constrict  portions  of  liver  tissue. 
The  superficial  layer  (a),  however,  which,  in  reality,  is  the  re- 
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fleeted  peritoneum,  is  not  thickened^  a  condition  wliich  is  con- 
stant in  cirrhosis  not  occniring  in  a  syphilitic  subject,  where 
a  peri-hepatitis  has  usually  been  the  commencement  of  the  dis- 
ease. Opposite  each  band  of  tissue  running  into  the  oigan  there 
is  a  depression  of  the  capsule,  corresponding  to  that  seen  by  the 
naked  eye  between  the  "hob-nail"  projections,  while,  on  each  side 
of  this,  the  liver  tissue  is  pushed  forwards  by  the  surrounding 
cicatrices.  The  cicatricial  tissue  is  by  no  mecms  deficient  in  blood- 
vessels ;  on  the  contrary,  it  can  be  seen  that  the  branches  of  the 
hepatic  artery  (e)  are  more  numerous  than  naturally.  The  young 
cicatricial  elements  could  not  organize  were  this  not  the  case. 

Special  attention  must  be  drawn  to  the  numerous  prominent 
nuclei  seen  throughout  the  section,  both  in  the  enclosed  portions 
of  liver  tissue  and  in  the  cicatrices  which  surround  them.  The 
drawing  is  a  representation  of  a  preparation  doubly  staii^ted 
in  perosmic  acid  and  picro-carmine.  The  manner  in  which  the 
nuclei  took  on  the  carmine  stain,  after  being  mounted  for  a  day  or 
two,  was  most  remarkable.  It  was  so  different  from  the  faint  tint 
which  they  ordinarily  assume,  that  attention  could  not  fail  to  be 
directed  to  it  as  something  special.  I  have  seen  the  same  thing 
in  certain  other  tissues,  such  as  the  epithelial  cells  in  a  scrotal 
cancer,  and  the  nuclei  of  muscular  fibres  in  acute  myocarditis. 
In  each  of  those  cases  the  nuclei  have  been  much  enlarged,  and 
have  presented  unequivocal  evidence  of  multiplication  by  divi- 
sion. The  whole  of  the  carmine  in  the  solution  seemed  to  be 
precipitated  on  them,  to  the  exclusion  of  the  other  tissues. 
What  the  change  in  the  nucleus  is  which  renders  it  so  susceptible 
to  colouring  matters  I  do  not  know,  but  in  every  instance  in 
which  this  facility  has  been  observed  a  well-marked  intra-nuclear 
protoplasmic  plexus  has  been  developed.  It  is  probable  .that  this 
renders  the  nucleus  more  susceptible  to  staining  fluids. 

These  large  nuclei,  it  will  be  seen  (fig.  1),  are  present  both  in 
the  liver  lobules  and  in  the  cicatricial  tissue,  and  there  are  situa- 
tions (h)  in  which  those  of  the  one  insensibly  pass  into  those 
of  the  other.  In  the  new-formed  cicatricial  tissue  they  either 
run  in  rows  or  are  aggregated  into  rounded  depots.  The  nuclei 
within  the  cicatricial  tissue  are  as  large  as  those  in  the  liver 
cells,  and,  we  shall  see,  are  directly  derived  from  them  by  a  pro- 
cess of  subdivision.    Both  possessed  an  equally  great  power  of 
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staining  with  carmine.  This  was  not  observed  in  the  blood 
leucocjrtes  which  lay  beside  them,  so  that  a  ready  means  oif  dis- 
tinguishing the  two  was  thus  aflforded,  although  independently  of 
this  their  difference  in  size  was  sufficient  for  the  purpose. 

When  examined  with  a  higher  magnifying  power  the  cicatricial 
tissue  was  seen  to  be  made  up  of  the  following  constituents : — 
(a)  white  fibrous  tissue ;  (6)  spindle-shaped  cells ;  and  (c)  rows  of 
large  and  brightly  stained  nuclei  (fig.  5,  a,  b,  and  c).  An  abundant 
plexus  of  capillary  vessels  ramified  among  it,  and  in  their  in- 
terior blood  corpuscles  of  both  kinds  could  be  noticed.  The  leu-  ] 
oocytes  presented  nothing  unusual,  and  there  was  no  evidence 
of  their  exuding  in  abnormally  great  numberi^  from  the  blood- 
vessels. 

The  large  nuclei  lying  in  the  cicatricial  tissue  were  seen  to  be 
round  or  oval  in  shape,  and  contained  a  nucleolus  in  their  centre 
(fig.  5,  c).  They  were  from  one  and  a  half  to  four  or  five  times  as 
large  as  a  leucocyte.  There  was  a  well-marked  intra-nuclear 
plexus  within  each,  such  as  that  which  has  been  described  in 
various  protoplasmic  bodies  by  Flemming,  Eberth,  Heitzmann, 
Klein,  and  others.  It  is  represented  in  the  figure  as  a  delicate 
network  running  through  the  nucleus,  and  giving  it,  when  the  ^ 

fibres  of  the  network  are  seen  on  optical  section,  a  granular 
appearance.  On  altering  the  focus  the  true  nature  of  this 
granularity  could  be  discovered.  The  network  appeared  to  be 
solid,  and  to  consist  of  a  substance  denser  than  the  surrounding 
parts  of  the  nucleus.  These  nuclei  were  sometimes  oval-shaped, 
and,  when  so,  possessed  a  very  delicate  periplast,  but  the  intra- 
nuclear network  in  no  case  ran  into  this. 

l^e  spindle-shaped  cells  (fig.  5,&,and  7)  were  more  or  less  attenu- 
ated, according  to  their  age.  In  the  oldest,  a  delicate  splitting 
of  the  periplast  into  fibrils  could  be  observed,  which  ultimately 
developed  into  a  bundle  of  white  6brou8  tissue,  the  nucleus 
remaining  on  one  side  as  the  nucleus  of  the  bundle  (fig.  5,  a). 
These  bundles  of  white  fibrous  tissue,  when  isolated,  were  seen 
to  branch  at  their  extremities,  from  the  further  splitting  and 
separation  of  the  fibrils.  At  the  same  time,  as  this  process  of 
fibrillation  was  going  on,  the  fibrils  were  noticed  to  become 
more  translucent,  and  to  have  lost  the  granular  appearance  which 
the  periplast  originally  possessed.     The  free  nuclei,  those  of 


I 


DEVELOPMENT  OF  FIBROUS  TISSUE  FROM  HEPATIC  PARENCHYMA.   189 

• 

the  spindle  cells,  and  those  of  the  fibrous  bundles,  all  presented 
a  similar  intra-nuclear  plexus. 

The  histogenetic  relation  of  the  three  elements  of  the  cica- 
tricial tissue  was  evident  on  comparatively  superficial  obeerva- 
tion.  The  free  nuclei  became  oblong,  and  from  Vheir  periphery  a 
small  quantity  of  a  cement-like  substance  was  secreted  (fig.  5,  c), 
which  in  course  of  time  became  drawn  out  into  the  tapering 
extremities  of  a  spindle  cell  (fig.  5,  h).  The  secretion  from  the 
periphery  of  the  nucleus  increased  in  quantity,  and,  as  the  part 
of  it  which  was  first  secreted  became  pushed  further  outwards, 
it  underwent  the  splitting  into  fibres  previously  described,  these 
at  the  same  time  assuming  the  homogeneous  aspect  of  white 
fibrous  tissue  (fig.  5,  a).  There  is,  therefore,  a  direct  relationship 
between  the  three  elements  of  the  cicatrix,  the  youngest  being  the 
free  nuclei,  and  the  most  completely  developed  the  bundles  of 
fibrous  tissue.  The  fibres  of  the  fibrous  tissue  I  cannot  look  upon 
otherwise  than  as  a  secretion  of  the  nucleus,  and  as  correspond- 
ing to  the  periplast  of  a  cell.  We  have  thus  traced  the  develop- 
ment of  the  fibrous  cicatrix  from  the  free  nuclei  described,  but 
must  go  a  step  further  back,  in  order  to  see  from  what  these 
nuclei  themselves  arise. 

On  looking  at  the  low-power  drawing  (fig.  I),  it  is  evident 
that  the  liver-cell  nuclei  are  not  only  more  prominent  objects 
than  naturally,  but  also  that  their  number  is  increased.  In 
certain  parts  they  are  more  abundant  than  in  others,  but 
throughout  the  whole  preparation  it  is  evident  that  great 
proliferation  must  have  taken  place.  There  is  also,  it  will  be 
observed,  an  entire  absence  of  oil  globules  in  the  cells,  which,  if 
they  had  been  present,  would  have  shown  vnth  special  distinctness 
on  account  of  the  preparation  having  been  stained  with  perosmic 
acid.  There  is,  further,  no  granularity  or  indistinctness  of  the 
liver  cells,  but,  on  the  contrary,  the  outline  of  each  cell  can, 
even  with  this  low  magnifying  power,  be  clearly  diflTerentiated. 
When  examined  with  a  higher  lens«  it  was  found  that  each  liver 
cell  contained  either  one  or  more  nuclei,  which  were  [from  three 
to  five  times  larger  than  those  of  the  normal  ceU,  and  were 
either  placed  centrically  or  excentrically  in  the  cell  body.  They 
had  the  power  of  staining  to  the  same  inordinate  extent  witli 
carmine  as  the  large  free  nuclei  previously  referred  to,  as  lying 
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in  the  cicatricial  tissue.  Each  had  a  nucleolus  and  a  well-marked 
intra-nuclear  protoplasmic  plexus  (figs.  2,  3,  and  4),  which,  how- 
ever, did  not  seem  to  extend  into,  or  communicate  with,  the 
cell  periplast.  Varying  degrees  of  size  and  shape  were  noticed  in 
these  nuclei,  corresponding  to  different  stages  in  the  process  of 
proliferation. 

The  first  thing  to  happen,  when  proliferation  was  about  to  take 
place,  was  the  enlargement  of  the  nucleus  (fig.  2).  This  seemed 
to  occur  without  any  simultaneous  growth  of  the  periplast,  and, 
at  the  same  time,  a  nucleolus  became  distinctly  visible  in 
the  centre,  with  a  prominent  intra-nuclear  plexus  around  it. 

Soon  after  this  a  depression  was  noticed  at  each  side,  so  that 
the  nucleus  now  came  to  have  a  dumb-bell  shape  (fig.  3), 
and  as  these  deepened,  a  complete  separation  into  two  followed 
(fig.  4).  As  this  division  of  the  nucleus  was  proceeding,  a 
transverse  mark  was  seen  running  across  the  body  of  the  cell 
opposite  the  point  of  separation  of  the  two  parts  of  the  nucleus, 
which  finally  developed  into  a  cleft,  dividing  the  body  of  the  cell 
into  two  (fig.  4).  Two  new  cells  were  thus  generated,  and, 
when  complete  separation  had  occurred,  it  was  found  that  the 
proportional  size  of  the  nucleus  to  the  periplast  was  very  much 
altered.  For,  while  the  nucleus  continued  to  grow  after  division, 
and  soon  reached  its  original  size,  the  periplast  did  not  seem  to 
keep  pace  with  it 

The  same  process  of  division  was  repeated  over  and  over 
again,  so  that,  finally,  a  stage  was  arrived  at  in  which  the  whole 
cell  seemed  to  be  made  up  of  a  much  enlarged  nucleus,  with 
an  almost  imperceptible  periplast,  while  ultimately  the  latter 
seemed  to  disappear  entirely,  a  free  nucleus  being  left. 

Another  manner  of  setting  the  nucleus  free  was  noticed  in 
some  instances.  After  enlarging  and  dividing,  it  approached 
the  border  of  the  cell,  and,  forming  a  projection  there,  escaped 
from  it  and  left  a  vacuole  where  it  had  existed.  This,  however, 
was  not  the  commoner  method,  that  formerly  described  being 
much  more  frequent. 

The  nuclei  thus  set  free  by  either  method  accumulated  in 
depots,  or  were  arranged  in  lines  (fig.  6),  these  sometimes  being 
double,  and,  in  this  stage,  they  resembled  and  have  frequently 
been   described  as  bile-ducts.     lu  several  works  on  cirrhosis 
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of  the  liver,  double  rows  of  sach  nuclei,  sometimes  enclosing  a 
space  or  apparent  lumen,  have  been  described  by  different 
observers.  At  first  sight  they  certainly  look  like  such ;  but,  on 
a  little  careful  attention  being  given  to  the  point,  the  fact  of 
their  not  being  bile-ducts  can  easily  be  shown.  As  the  division 
of  liver-cells  goes  on,  in  the  manner  just  described,  aciyacent 
rows  of  them  come  to  lie  closely  together,  and,  being  com- 
pressed by  the  surrounding  cirrhotic  fibrous  tissue,  they  are 
forced  into  as  small  a  space  as  possible  (figs.  6  and  7).  The 
periplasts  in  time  disappear,  and,  as  a  result,  the  nuclei  are  left 
in  a  denuded  state  and  arranged  in  rows.  If  two  such  rows,  as 
commonly  happens,  lie  closely  together,  they  look  very  like  the 
epithelium  lining  a  tube  of  some  kind,  it  might  be  supposed, 
of  a  bile-duct  (fig.  6).  They  may  be  separated  by  a  small  space, 
which  might  be  mistaken  for  the  lumen  of  the  bile-duct,  although, 
in  reaUty,  it  has  simply  been  the  line  of  separation  between 
two  adjacent  rows  of  liver-cells.  The  dichotcmous  manner  of 
division  of  the  rows  of  liver-cells  is  still  retained,  so  that  the 
resemblance  to  bile-ducts  is  rendered  more  palpable.  The  bile- 
ducts,  however,  which  are  in  natural  proportion  to  the  other 
tissues,  can  be  easily  distinguished  from  these,  for,  further 
than  being  slightly  dilated  and  containing  more  epithelium 
than  i^ual,  they  present  no  abnormal  features.  It  frequently 
happens  that  several  of  these  rows  of  nuclei  are  left  in  the 
midst  of  a  cicatricial  band,  looking  at  first  sight  extremely  like 
bile-ducts.  No  proper  wall,  however,  can  be  detected  in  them, 
and  if  the  individual  cells  be  carefully  examined,  the  remains  of 
the  hepatic-cell  periplast  can  occasionally  be  detected. 

This,  however,  is  not  the  only  arrangement  which  the  liver- 
cell  nuclei  assume  when  set  free.  They  are  not  always  arranged 
in  lines  such  as  those  just  referred  to,  but  are  quite  as  com- 
monly aggregated  into  irregular  masses,  or  sometimes  they  lie 
singly  among  the  cicatricial  tissue.  It  is  not  difficult,  under 
such  circumstances,  to  make  out  that  the  free  nuclei,  pre- 
viously described  as  being  an  abundant  component  of  the 
cicatricial  tissue,  are  in  reality  those  liver-cell  nuclei  which  have 
escaped  by  division  or  extrusion.  When,  therefore,  we  coimect 
the  two  processes  together,  the  setting  free  of  the  liver-ceU 
nuclei  and   the   subsequent   evolution   of   these   into   fibrous 
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tissue,  we  establish  a  i*elationship  between  the  liver  parenchyma 
and  white  fibrous  tissue,  which,  although  not  generally  recog- 
nised, is,  we  shall  see,  quite  in  keeping  ^ith  the  process  of 
cicatrization  generally. 

The  absurdity  of  tracing  the  origin  of  the  cirrhotic  fibrous 
tissue  to  extruded  blood  leucocytes,  as  has  been  affirmed,  but 
never  demonstrated,  by  a  certain  school  of  pathologists,  only 
requires  for  its  detection  a  little  unbiassed  observation. 

In  summing  up  the  foregoing  remarks,  the  subjoined  seems  to 
be  the  chief — I  will  not  say  the  exclusive — ^method  of  fibrous 
tissue  formation  in  cirrhosis  of  the  liver  : — 

(a)  The  liver  cells  are  one  of  the  main  sources  of  the  fibrous 
tissue  developed  in  the  organ. 

{b)  The  first  visible  change  in  their  transformation  is  the 
enlargement  of  the  nucleus  and  the  development  of  a  nucleolus 
and  intra-nuclear  plexus  (figs.  2,  3,  and'4).  The  enlarged  nucleus 
then  divides  (fig.  3),  and  this  is  almost  simultaneously  followed 
by  transverse  fission  of  the  whole  cell  (fig.  4). 

(c)  Two  smaller  cells  thus  arise,  each  having  a  nucleus,  and 
these  nuclei  soon  grow  to  as  large  a  size  as  that  from  which  they 
sprung. 

(d)  The  periplast,  however,  does  not  increase  in  size,  pari 
passu,  but  at  each  successive  division  becomes  smaller  and 
smaller,  until,  finally,  nothing  but  a  free  nucleus  remains. 

(e)  This  free  nucleus  now  enters  upon  a  new  existence.  It 
becomes  oval,  and  from  'its  border  a  fresh  periplast  is  generated, 
which  assumes  a  fusiform  shape. 

(/)  The  fusiform  or  spindle-shaped  periplast  now  splits  into 
a  number  of  fibrils,  and  becomes  more  elongated  and  tapering 
at  the  extremities.  The  ultimate  result  is,  the  formation  of  a 
bundle  of  white  fibrous  tissue  out  of  these  fibrils,  the  nucleus 
remaining  on  the  surface  as  the  nucleus  of  the  bundle. 

These  appearances,  it  must  be  remembered,  are  not  met  with 
in  every  instance  of  cirrhosis  of  the  liver.  It  is  only  where  an 
exacerbation  of  the  disease  has  occurred  that  this  active  pro- 
liferation and  organization  can  be  observed.  In  most  cases  the 
organ  is  in  a  quiescent  state  at  the  time  of  death,  and  then  the 
liver  cells  exhibit  entirely  different  appearances,  namely,  those 
of  atrophy  from  the  pi-essure  of  the  already  formed  fibrous 
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tissue.  They  are  shrunken  and  shrivelled,  and  finally  become 
resolved  into  masses  of  albuminoid  granules,  which  are  absorbed. 
The  cicatricial  tissue,  during  the  periods  of  quiescence,  loses 
many  of  its  nuclei,  and  the  fibrous  tissue  becomes  much  more 
organized.  The  spindled-shaped  cells  also  in  great  part  dis- 
appear, and  the  nuclei  which  remain  become  less  susceptible  to 
the  action  of  colouring  agents. 

Two  processes  then  are  at  work  in  the  destruction  of  the 
liver  cells :  the  one  is  of  a  constructive  nature,  the  liver-cell 
nuclei  multiplying  aiid  being  converted  into  fibrous  tissue ;  while 
the  other  has  a  destructive  tendency,  from  the  fact  of  its  giving 
rise  to  their  atrophy.  The  former  occurs  in  exacerbations  of  the 
disease,  the  latter  runs  a  much  more  chronic  course,  and  takes 
place  in  the  intervals  of  quiescence. 

In  my  paper  on  the  process  of  healing  (this  Joy/mal,  voL  xiii), 
the  statement  was  made  that  my  observations  had  led  me  to  the 
conclusion  that  the  fibrous  part  of  any  cicatrix  was  always 
developed  from  a  tissue  derived  from  the  middle  layer  of  the 
embryo.  The  statement  was  made  in  full  knowledge  of  the 
facts  just  related,  regarding  the  transformation  of  liver  cells  into 
fibrous  tissue.  This  naturally  refers  us  to  the  origin  of  the 
liver  cells  in  the  embryo,  which,  even  at  the  present  day,  seems 
to  be  still  a  matter  of  some  uncertainty.  The  chief  difficulty 
lies  in  making  out  whether  the  hypoblast  forms  merely  the 
epithelial  lining  of  the  bile-ducts,  or  whether  the  liver  cells  are 
also  developed  from  it.  The  first  trace  of  the  oigan  seems 
to  be  two  sac-like  processes,  which  are  given  off  from  the 
primitive  duodenum.  Around  these  a  large  mass  of  meso-blast 
gathers,  in  which  a  series  of  branching  cylinders  of  cells  are 
soon  observed.  These  last  are  developed,  in  all  probability, 
from  the  mesoblast,  and  are  unconnected  with  the  two  hollow 
processes  of  the  hypoblast  given  off  from  the  duodenum.  It  is 
probable  that  they  form  the  liver  parenchyma.  From  the  two 
diverticula  arising  from  the  duodenum  offshoots  can  be  seen 
passing  into  the  future  parenchyma,  and  these,  there  is  good 
reason  for  believing,  are  the  future  bile-ducts.  It  would,  there- 
fore, appear  that  the  epithelium  of  the  bile-ducts  is  derived  from 
the  hypoblast,  while  the  secreting  parenchyma  is  a  mesoblastic 
structure. 
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This  entirely  coincides  with  the  character  of  tfie  liver  cell  in 
adult  life.  It  never  is  an  epithelial-like  structure,  but  has  more 
the  charadter  of  an  endotheUum.  Its  diseases  are  not  like  those 
of  epithelium.  It  becomes  f attily  infiltrated  like  a  connective 
tissue  cell,  and  primary  cancers  do  not  arise  in  connection  with 
it.  The  epithelium  of  the  bile-ducts,  however,  has  an  entirely 
different  character,  and  the  diseases  to  which  it  is  liable  are 
exactly  those  of  any  other  epithelial  surface.  It  does  not 
become  fattily  infiltrated,  and  primary  cancerous  tumours  arise 
from  it.  The  formation  of  fibrous  tissue  just  described  is  another 
fact  in  favour  of  the  essential  embryolojjical  difference  between 
the  two,  for,  while  the  liver  cells  are  a  fertile  source  of  fibrous 
development,  the  epithelium  of  the  bile-ducts  never  seems  to 
participate  iu  this  transformation.  There  is,  therefore,  nothing, 
in  what  has  been  made  out  in  the  foregoing  observations,  incon- 
sistent with  the  statement  that  the  fibrous  part  of  any  cicatrix 
is  always  derived  from  some  tissue  originating  in  the  middle 
layer  of  the  embryo.  All  that  has  been  described  goes  to 
strengthen  this  view,  and  to  show  that  there  is  a  fundamental 
difference  in  the  nature  of  the  liver  parenchyma  and  the  epi- 
thelium of  the  bile-ducts. 
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Fig.  L  Section  of  cirrhotic  liver  showing 
the  general  distribation  of  the  nuclei  x  50 
diams — a,  superficial  layer  of  the  capsule 
which  is  not  thickened ;  b,  deep  layer  veiy 
much  thickened;  e,e,e,  the  depressions 
on  the  surface ;  d,  portion  of  hepatic 
parenchyma  shoving  the  huge  size  and 
great  number  of  the  nuclei ;  «,  section  of 
a  blood-vessel  (hepatic  artery),  these  are 
very  numerous  throughout  the  cicatricial 
tissue,  and  are  mostly  arteries  and  their 
dilated  capillaries ;  /  &  small  isolated 

Soup  of  liver  cells ;  g,  the  same  in  which 
e  periplasts  have  been  lost  and  the 
nuclei  set  free ;  h,  part  of  hej>atic  paren« 
chyma  showing  the  continuity  of  the 
nuclei  of  the  liver  cells  with  those  of  the 
cicatrix. 

Fig.  2.  First  .stage  in  the  nroliferation 
of  the  liver  cells.  The  nucleus  has  in- 
creased in  size,  and  an  intranuclear  plexus 
has  been  developed,     x  600  dianu. 


Fig.  3.  Second  stage  in  the  proliferation 
of  tiie  liver  cells.  The  enlarged  nucleus 
has  become  dumb>beU  shaped,  x  600 
diams. 

Fiff.  4.  Third  stage  in  the  proliferation 
of  the  liver  cells.  The  nucleus  has 
divided^  and  a  simultaneous  division  is 
taking  pkce  in  the  cell  body,  x  600 
diams. 

Fig.  5.  Shows  the  elements  of  the 
cicatricial  tissue  ( x  450  diams.)— a,  fibrous 
bundle  with  nucleus  upon  it :  b,  spindle* 
shaped  cell  and  nucleus ;  c,  free  nucleua 
with  delicate  periplast 

Fig.  6.  Shows  the  reduction  in  aiie  of 
the  hepatic  cells,  the  setting  tree  of  the 
nuclei,  and  the  fonnation  of  these  into 
rows.     X  800  diams. 

Fig.  7.  Shows  the  tnumformatioD  of  the 
free  nuclei  into  the  spindles  of  the  cicatri- 
cial tissue.    X  800  duuns. 
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CONTRIBUTIONS  TO  THE  PATHOLOGY  OF  THE  IN- 
TERNAL  EAR  By  P.  M'Biode,  M.B.,  CM.,  M.RC.P.E., 
Pathological  Laboratory,  Edivimrffh  University.  (Plate 
IX.) 

I.  Grovpous  Inflammation  of  the  Cochlba. 

Of  late  years  considerable  light  has  been  thrown  upon  the 
inflammatory  affections  of  the  labyrinth.  That  we  may  have  a 
primary  acute  inflammation  was  rendered  probable  by  the 
clinical  experience  of  Voltolini,  and  has  been  verified,  ^os^  morievii, 
by  Schwartze.  It  is  a  well-known  fact  that  inflammatory  pro- 
cesses in  the  tympcmum,  both  acute,  as  occurring  in  the  exan- 
themata, and  chronic,  as  the  result  of  long  standing  catan^h  of 
the  middle  ear,  have  a  tendency  to  involve  the  labjrrinth 
secondarily.  A  croupous  inflammation  of  the  cochlea,  however, 
such  as  is  about  to  be  described,  has  not,  so  far  as  I  know,  been 
before  observed. 

The  specimen  was  taken  from  a  patient  who  died  in  the 
Eoyal  Infinnary  under  the  care  of  Ptofessor  Grainger  Stewart, 
who  kindly  allowed  me  to  make  a  dissection  of  the  ear,  and  to 
describe  the  case.    The  facts  are  briefly  as  follows : — 

The  patient's  condition  pointed  to  an  intracranial  tumour, 
pressing  upon  the  auditory  and  facial  nerves  among  others,  on 
the  right  side.  The  deafness  had  existed  for  a  year  before  his 
admission  to  hospital,  and  facial  palsy  for  a  space  of  six  months. 
The  post  mortem  examination  revealed  a  small  round  celled 
sarcoma,  affecting  the  cerebellum  and  petrous  portion  of  the 
temporal  bone,  pressing  upon  several  of  the  cranial  nerves,  and 
sending  a  process  into  the  internal  auditory  meatus. 

No  abnonnal  condition  existing  in  the  tympannm.  the  portion 
of  the  temporal  bone  outside  of  the  promontory  was  removed. 
The  internal  auditory  canal  was  then  split  up  in  order  to  ascer- 
tain to  what  extent  it  was  penetrated  by  the  growth,  which  was 
found  to  stop  short  of  its  fundu&  In  opening  the  meatus  audi- 
torius  intemus  the  split  was  carried  through  the  vestibule,  thus 
separating  two  polrtions  of  bone,  the  one  of  which  held  the 
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cochlea  while  the  other  contained  the  Remi-circular  canals.  The 
vestibule  itself,  as  far  as  could  be  judged  by  the  naked  eye,  was 
normal.  Each  portion  of  bone  was  then  reduced  in  size  as  much 
as  was  compatible  with  the  safety  of  the  structures  in  its 
interior,  prepared  for  histological  examination,  and  finally  cut 
into  sections. 

When  those  of  the  cochlea  were  examined,  as  they  floated  in 
water,  part  of  the  lumen  of  the  cochlear  tube  was  seen  to  be 
filled  by  a  faintly  yellow  substance.  Before  going  further  I 
would  refer  the  reader  to  fig.  1,  which  was  drawn  from  a  section 
(magnified  50  diameters),  which  shows  well  most  of  the  points 
of  pathological  interest. 

Microscopical  examination  of  the  sections  under  the  low 
power  (  X  50  diam.)  showed  that  the  foreign  body  before  men- 
tioned occupied  a  considerable  part  of  the  scala  vestibule  in 
some  even  three  quarters  of  its  lumen.  Under  this  magnifying 
power  it  seemed  to  be  composed  of  delicate  straight  fibres,  inter- 
lacing in  various  directions,  and  inclosing  in  their  meshes  small 
cellular  bodies.  The  great  bulk  of  the  material  lay  in  the  part 
of  the  scala,  away  from  the  membrane  of  Beissner,  but  in  some 
specimens  that  membrane  itself  was  seen  to  be  thickened  and 
infiltrated  with  the  same  fibrillar  structure.  Certain  spaces  of 
the  modiolus  lying  near  the  lamina  spiralis  ossea  were  also  seen 
to  be  filled  with  the  same  delicate  substance.  In  the  scala 
tympani  in  most  preparations  a  small  quantity  of  granular  look- 
ing matter  was  found,  generally  lying  on  or  very  near  the 
periosteum,  but  differing  altogether  from  that  found  in  the  scala 
vestibuli.  Under  a  higher  magnifying  power  the  foreign  matter 
in  the  scala  vestibuli,  membrane  of  Beissner,  and  bony  spaces 
of  the  modiolus,  was  seen  to  consist  of  delicate  transparent 
fibres  interlacing  for  the  most  part  at  acute  angles.  Most  of 
these  fibres  were  straight  (although  one  or  two  were  slightly 
curved)  and  presented  the  appearance  of  a  transparent  centre 
bounded  by  two  darker  lines.  At  some  parts  they  were  more 
numerous  than  at  others,  and  then  they  combined  to  form  a 
stellate  appearance  as  is  represented  in  fig.  2.  Entangled  in 
the  meshes  of  this  network  we  can  see  some  leucocytes,  the 
interior  of  which  is  granular,  and  in  some  cases  showed  vacuoles. 
In  all  respects  the  microscopic  appearances  correspond  to  those 
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of  fibrinous  lymph  as  seen  in  acute  inflammatory  affections  of 
other  organs. 

The  material  above  mentioned  as  lying  in  the  scala  tympani, 
when  viewed  with  the  high  power,  is  only  seen  to  be  more 
coarsely  granular  than  before,  but  no  light  is  thrown  on  its 
origin.    It  may  possibly  be  degenerated  fibrin. 

The  periosteum  of  both  scalse  (more  especially  the  scala  ves- 
tibuli)  is  much  thickened,  infiltrated  with  fibrin  and  leucocytes, 
and  traversed  by  numerous  dilated  vessels,  which  are  visible 
even  under  the  low  power.  In  some  places  it  is  loosened  from 
the  bone,  and  in  most  parts  its  epithelial  lining  seems  to  have 
been  lost.  The  spiral  ligament,  too,  in  several  specimens,  was 
seen  to  contain  dilated  and  tortuous  vessels  and  to  be  loosened 
from  its  bony  attachment.  This  hypersemic  condition  was  also 
present  in  the  bone  surrounding  the  cochlea  and  in  the  modi- 
olus. In  the  latter  situation  especially,  sections  of  large  vessels 
were  seen,  contained  in  bony  spaces  and  surrounded  by  exuded 
leucocytes.  The  bone  in  the  neighbourhood  of  the  cochlea 
showed  distinct  signs  of  sarcomatous  infiltration.  In  some  pre- 
parations large  masses  of  small  round  cells  were  found  in  the 
bone.  These  cells,  when  compared  with  cells  from  the  original 
tumour,  were  seen  to  be  identical  in  structure.  The  sarcomatous 
infiltration  in  all  probably  occurred  through  the  cochlear  branch 
of  the  internal  auditory  artery. 

When  we  consider  the  extensive  changes  which  had  taken 
place  in  the  other  parts  of  the  cochlea,  it  is  surprising  to  find 
how  little  the  parts  contained  in  the  cochlear  duct  suffered. 

By  a  study  of  two  or  three  of  the  best  sections  a  very  perfect 
picture  of  the  organ  of  Corti  and  its  adjacent  parts  could  be 
obtained.  The  membrana  tectoria  was  seen  floating  freely 
from  its  attachment  to  the  vestibular  lip  of  the  crista  spiralis, 
and  displaying  its  characteristic  delicately  striated  structure. 
The  latter  (crista  spiralis),  too,  was  well  preserved,  and  those 
curious  bodies  called  the  auditory  teeth  by  Huschke  could  be 
seen.  They  are  shaped  like  the  incisors  of  a  rabbit,  and  are 
said  by  Hensen  to  be  modified  epithelial  cells.  The  junction  of 
the  external  and  internal  pillars  of  Corti  could  be  distinctly 
seen,  and  one  or  two  hair  cells  were  also  visible.  The  mem- 
brana reticularis,  too,  could  be  distinguished. 
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The  Bemicircular  canals  were  examined,  bat  not  a  trace  of 
fibrin  could  be  found  in  them.  Possibly  in  this  case  the  deaf- 
ness was  at  first  due  to  inflammation  of  the  cochlea,  and  not  to 
direct  pressure  on  the  auditory  nerve ;  otherwise  it  is  difficult  to 
account  for  the  long  interval  that  elapsed  between  the  onset  of 
the  deafness  and  that  of  the  facial  palsy.  Should  this  view  be 
correct,  it  is  possible  that  a  saxcomatous  tumour  not  directly 
involving  the  auditory  nerve  might,  by  extension  along  the 
internal  auditory  arteiy,  set  up  a  cochleitis,  and  with  it,  of  course, 
complete  nervous  deafness,  as  indicated  by  the  tuning-fork,  but 
without  facial  palsy. 

Burnet,  in  his  treatise  on  the  ear  (p.  586),  gives  an  account  of 
the  examination  of  the  internal  ear  in  a  case  of  cerebral  tumour 
not  unlik^  the  one  here  described.  He,  too,  found  a  foreign 
substanpa  in  the  scalsB,  but  unfortunately  minute  details  of  its 
microscopic  structure  are  not  given. 

II.  An  Abnormal  Condition  of  the  Semicircular  Canals. 

Tlie  condition  of  the  semicircular  canals  about  to  be  described 
occurred  in  the  case  of  a  patient  (an  adult)  who  died  of  acute 
rheumatism,  and  whUe  taking  the  salicylate  of  soda.  Deafness 
and  ringing  in  the  ears  came  on  while  this  remedy  was  being 
administered,  and  the  internal  ear  of  one  side  was  examined  to 
ascertain  if  this  drug  produces  deafness  through  producing  an 
organic  change  in  the  labyrinth.  The  method  of  examination  was 
conducted  in  the  same  way  as  in  the  previous  case.  Micro- 
scopic sections  of  the  cochlea  revealed  no  deviation  from  the 
normal,  but  sections  of  the  semicircular  canals  showed  a  state  of 
things  quite  different  from  that  usually  found,  a  condition,  how- 
ever, which  could  not  have  been  due  to  the  salicylate  of  soda. 

The  normal  appearance  of  a  section  through  a  bony  and 
membranous  canal  shows  the  lumen  of  the  bony  portion  to  be 
oval  in  shape  and  Uned  by  a  periosteum.  Lying  in  this  bony 
canal,  and  touching  the  periosteum  at  one  point,  is  the  mem- 
branous canal,  which  is  also  oval  in  shape,  but  the  lumen  of 
which  is  very  much  smaller  than  that  of  its  containing  bony 
tube.  This  membranous  canal  is  held  in  sUu  by  the  ligaments  of 
the  semicircular  canals,  which,  roughly  speaking,  fill  up  the  angles 
formed  by  the  divergence  of  the  membranous  and  bony  tubes. 
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By  far  the  greater  portion  of  the  lumen  of  the  osseous  canal  is  seen 
to  be  empty^  but  traversed  by  one  or  two  bundles  of  connective 
tissue  which  support  blood-vessels.  The  wall  of  the  membranous 
canal  itself  consists  of  four  layers :  (1)  an  outer  layer  of  con- 
nective tissue ;  (2)  a  homogeneous  layer ;  (3)  a  layer  of  papill®, 
which,  however,  are  not  present  on  all  parts  of  the  canal ;  (4)  a 
layer  of  epithelium,  lining  the  canaL  This  is  the  description 
given  by  Budinger  of  the  anatomy  of  the  parts  under  cpnsidera'- 
tion,  and  the  main  points  of  it  I  have  been  able  to  verify  from 
preparations  now  in  my  possession. 

The  specimen  under  consideration,  however,  presented  a  very 
different  state  of  things.  On  examining  one  of  the  sections  with 
the  low  power,  the  shape  of  the  osseous  canal  was  found  to  be 
not  oval,  but  to  present  an  ai^le  at  one  point  as  shown  in  the 
accompanying  figure  3.  Inside  of  this  was  the  membranous 
9anal,  having  at  some  points  well-marked  papillae.  The  mem- 
branous tube  was,  however,  at  no  part  in  direct  contact  with  the 
periosteum,  though  much  nearer  it  at  some  points  than  at  others. 
Stretching  between  the  outer  layer  of  the  membranous  canal  and 
the  periosteum  lining  its  bony  cavity  at  all  parts,  was  a  delicate 
reticular  tissue,  traversed  here  and  there  by  coarser  fibrous  bands, 
and  at  parts  showing  cut  vessels.  Examination  with  the  liigh 
power  revealed  that  the  tissue  filling  up  the  perilymphatic  space 
was  composed  of  bundles  of  fibres  of  various  thickness,  starting 
from  the  outer  (connective  tissue  layer)  of  the  membranous  canal 
on  the  one  hand,  and  from  the  periosteum  of  the  osseous  wall  on 
the  other,  and  interlacing  in  all  directions.  On  and  alongside  of 
the  bundles  were  seen  connective  tissue  nuclei  In  some  parts 
the  different  layers  of  the  membranous  canal  are  beautifully 
seen  (see  fig.  4).  The  outer  connective  tissue  layer  is  seen 
containing  many  nuclei ;  at  one  part  the  homogeneous  layer  is 
very  distinct,  and  inside  of  that  again  are  the  papillae.  On  one 
of  these  rounded  papillae  are  seen  three  nuclear  bodies.  In  all 
probability  these  are  the  nuclei  of  epithelial  cells,  the  outline  of 
which  cannot  be  distinguished. 

In  the  embryo,  according  to  Eiidinger,  the  whole  of  the  space 
between  the  membranous  and  bony  canals  is  filled  with  myxo- 
matous tissue  (Gallertgewebe),  and  from  this  are  developed  the 
ligaments  of  the  canals  and  the  fibrous  supports  of  the  blood* 
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vessels.  In  the  case  before  us  it  seems  probable  that  the 
abnoriDal  condition  depended  upon  a  very  much  larger  quantity 
of  this  myxomatous  matter  becoming  organised  into  fibrous  tissue 
than  is  usually  the  case.  In  the  rat  the  space  is  normally  filled 
with  reticular  tissue. 

In  conclusion,  I  beg  to  express  my  thanks  to  Dr  Hamilton  for 
his  kindness  and  assistance,  especially  in  doing  one  of  the  draw- 
ings (fig.  4)  for  me. 


Explanation  of  Plate  IX. 

Fig.  1.  Section  tlirough  cochlea,  showing  fibrinous  lymph  in  the 
scala  vestibuli  (  x  60) — a,  modiolus ;  b,  bone  surrounding  the  cochlea ; 
c,  periosteum  lining  the  scala  tympani  (much  thickened  and  showing 
dilated  vessels) ;  d,  basilar  membrane  twisted  on  itself  and  concealing 
the  spiral  ligament;  e,  membrana  tectoria,  showing  delicate  strisB"; 
f,  membrane  of  Eeissner,  also  twisted  on  itself,  much  thickened  and 
infiltrated  with  fibrin ;  g,  fibrin  filling  up  greater  portion  of  the  scala 
vestibuli;  /i,  dilated  vessel  contained  in  one  of  the  spaces  of  the 
modiolus;  t,  cut  nerves  in  the  modiolus;  /,  lamina  spiralis  ossea, 
showing  a  darker  portion  in  its  centre,  viz.,  the  branch  of  the  cochlear 
nerve  which  runs  along  it ;  k,  granular  substance  lying  in  the  scala 
tympani. 

Fig.  2.  Showing  fibrinous  lymph  ( x  300) — a,  fibrin,  with  its 
characteristic  structure ;  b,  leucocytes  entangled  in  its  meshes. 

Fig.  3.  Showing  transverse  section  of  an  abnormal  semicircular 
canal  (x50) — a,  periosteum  lining  the  bony  canal;  b,  wall  of  the 
membranous  canal ;  e,  reticular  tissue  filling  up  the  space  between  the 
bony  and  membranous  canals ;  d,  coarser  bundles  of  fibrous  tissue ; 
6,  section  through  blood-vessels ;  /,  papillsB  on  the  inner  wall  of  the 
membranous  canal. 

Fig.  4.  Eeticular  tissue  and  wall  of  the  membranous  canal  more 
highly  magnified  (  x  300) — a,  interlacing  bundles  of  fibrous  tissue 
enclosing  spaces  of  difierent  size;  b,  nuclei  lying  on  the  fibrous  bundles; 
c,  sections  of  blood-vessels ;  d,  external  or  connective  tissue  layer  of 
the  wall  of  the  membranous  canal ;  e,  small  portion  of  the  homogeneous 
or  middle  layer ;  /,  papillae— on  one  of  them  are  seen  three  round 
bodies,  which  are  probably  the  nuclei  of  epithelial  cells  covering  the 
papillae. 
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ON  A  NEW  BONE  IN  HUMAN  ANATOMY,  together 
WITH  AN  Investigation  into  the  Morphological  Sig- 
nificance OP  THE  SO-CALLED  INTERNAL  LATERAL  LIGAMENT 

OF  THE  Human  Lower  Jaw.    By  Samuel  G.  Shattock, 

The  skeleton  which  is  the  subject  of  this  anomaly  is  interesting, 
both  from  a  pathological  and  an  anatomical  point  of  view ;  but 
its  greater  interest  lies  in  that  which  relates  to  its  morphology, 
rather  than  in  what  it  illustrates  of  pathology.  In  regard  to  the 
latter,  it  exhibits  the  changes  which  occur  in  the  bones  in 
rickets,  although  the  skeleton  of  a  foetus,  and  thia  in  so  marked 
a  degree,  that  it  would  be  difficult  to  find  the  changes  more 
advanced  in  any  case  in  which  the  disease  has  appeared,  as  it 
almost  invariably  does,  after  birth.  The  rachitic  changes  are 
perhaps  of  syphilitic  origin ;  and  the  morphological  anomaly  is 
probably  related  to  the  disease,  as  I  will  afterwards  notice.  I 
may  first  describe  the  parts  concerned,  and  then  draw  the  plain 
homologies. 

The  auditory  ossicles  are  fully  ossified,  the  tympanic  bone 
well  developed.  That  portion  of  Meckel's  cartilage  which 
suspends  the  lower  jaw  has  undergone  complete  ossification, 
and  forms  a  cylindrical  process  of  bone  continuous  with  the 
malleus,  and  passing  from  the  tympanum  between  the  tympanic 
ring  (which  is  boldly  arched  over  it)  and  the  spinous  process  of 
the  sphenoid  bone.  The  manubrium  of  the  malleus  is  not  of 
lesser  size  than  natural,  whilst  the  opposite  process,  in  place  of 
being  more  slender,  is  fairly  twice  as  thick.  The  distal  ex- 
tremity of  the  unnatural  process  is  slightly  enlarged,  so  as  to 
make  the  whole  somewhat  club-shaped.  This  abnormal  process, 
however,  does  not  itself  abut  against  the  lower  jaw ;  the  two  are 
connected  by  a  short,  flattened,  pointed,  or  spatulate  bone,  of 
which  the  distal  and  the  larger  end  is  articulated  (apparently  by 
continuity)  with  the  enlarged  extremity  of  the  "processus 
gracilis,"  whilst  the  other  end  is  articulated  with  the  spine, 
which  overtops  the  anterior  margin  of  the  dental  canal;  this 
articulation  also  appears  to  have  been  one  of  continuity,  either 
by  cartilage  or  fibrous  tissue.    Thus,  on  either  side,  between  the 
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lower  jaw  and  the  malleus,  is  a  bone,  though  small,  yet  quite 
distinct,  of  definite  form,  equal  on  the  two  sides,  and  symmetri- 
cally evolved. 

The  homologies  present  little  difficulty.  The  malleus,  with 
its  longer  portion  prolonged  towards  the  mandible,  being  taken 
as  the  quadrate  of  birds  and  rQptiles,  the  little  element  inter- 
calated between  this  and  the  denteiry  will  be  the  os  articulare. 

The  rest  of  the  cartilaginous  arch,  or  that  round  which  the 
membranous  growth  of  the  jaw  proceeds,  has,  as  usual,  formed 
anteriorly  from  its  enlarged  extremity,  the  triangular  block  of 
bone  which  underlies  the  incisor  teeth  ;i  but  throughout  the 
rest  of  its  extent  the  cartilage  of  the  arch  has  been  in  process  of 
ossification,  as  evidenced  in  the  filling  in,  in  places,  of  the  groove 
which  it  naturally  fills. 

The  formation  of  bone  in  these  several  unnatural  positions, 
is,  probably,  to  be  associated  with  the  effects  of  the  disease. 
For  the  production  of  bone  in  excessive  amount,  and  of  im- 
mature structure  and  hardness,  is  the  gross  result  of  rickets,  as 
it  is  localized  in  the  parts  of  the  skeleton.  Thus,  in  the  speci- 
men under  notice,  the  production  of  unhealthy  bone  has  pro- 
ceeded both  in  and  around  the  substance  of  the  costal  cartilages, 
which  never  happens  in  children,  though  true  bone  may  at 
times  be  found  in  the  costal  cartilages  of  comparatively  young 
adults. 

But  the  interest  lies  in  the  definite  result  of  the  ossification 
in  that  portion  of  Meckel's  cartilage  which  naturally  almost 
wholly  disappears,  since,  long  before  the  time  of  adult  life,  the 
only  osseous  remnant  of  this  suspensory  portion  of  the  arch  does 
not  exceed  the  limits  of  the  Glasserian  fissure.  The  unnatural 
ossification  being  called  forth,  it  has  proceeded  in  conformity 
with  a  type,  and  produced  a  quadrate  bone  and  an  os  articulare. 

In  the  adult,  the  malleus,  with  its  slender  process  prolonged 
towards  the  mandible,  represents  the  quadrate.  Is  there  any 
permanent  representative  of  the  original  suspensorium  between 
this  and  the  lower  jaw  ? 

In  the  arch  next  below,  the  stylo-hyoid  ligament,  which  con- 
nects the  corniculum  of  the  hyoid  bone  with  the  styloid  process, 
is  formed  in  connection  with  the  slender  cartilage  which  first 

*  George  W.  Callmder,  Philosophical  TrarisaetionSf  1869,  p.  163. 
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marks  its  position,  and  it  maintains  the  hyoidean  arch  through- 
out life,  though  the  prime  constituent  of  the  arch  no  longer 
persists.  In  regard  to  the  mandibular  arch,  it  is  submitted  that 
the  portion  hitherto  regarded  in  man  as  lost,  remains  per- 
manently represented  by  the  structure  often  known  as  the 
internal  lateral  ligament  of  the  lower  jaw, — the  band  of  fibrous 
tissue  which  passes  between  the  sharp  spinous  inner  margin  of 
the  dental  foramen  and  the  spine  of  the  sphenoid  bone, — a 
structure  which  forms  no  integral  part  of  the  articulation,  and 
to  which  no  function  has  been  assigned.  Between  the  fourth 
and  fifth  month  of  foetal  life,  the  connection  of  this  ligament 
with  the  suspensory  portion  of  Meckel's  cartilage  is  readily 
discernible,  and  remains  so  as  long  as  any  of  the  Meckelian 
cartilage  persists,  the  relation  of  the  two  being  observable 
almost  to  the  period  of  timely  birth. 

On  dissecting  the  parts  from  the  inner  side,  the  slender  arch 
of  cartilage  is  visible,  lying  against  the  lower  jaw,  in  the 
posterior  two-thirds  of  its  extent  immediately  beneath  the 
attachment  of  the  mylo-hyoid  muscle,  beyond  the  free  border 
of  which  muscle  it  is  concealed  between  the  jaw  and  the 
internal  pterygoid.  On  dividing  the  inner  pterygoid,  the 
cartilage  is  traceable  upwards  to  the  inner  side  of,  and  behind, 
the  dental  foramen,  and  beyond  the  dental  foramen,  uncon- 
nected with  bone,  to  the  base  of  the  skull,  where  it  enters  the 
tympanic  space  as  a  permanent  component  of  the  malleus. 

Such  a  dissection  will  display,  also,  the  internal  lateral 
ligament,  attached  to  the  entire  breadth  of  the  inner  margin  of 
the  dental  foramen,  having  a  well-defined  falciform  anterior 
margin,  and  including  the  cartilage  of  Meckel  in  its  posterior 
part ;  the  two  are,  indeed,  intimately  connected,  the  cartilage 
being  wrapped  up  in  the  fibrous  tissue  of  the  ligament.  Traced 
upwards,  the  ligament  becomes  considerably  narrowed,  and  is 
fixed  by  its  upper  end  to  the  spinous  process  of  the  sphenoid  bone 
and  parts  in  its  immediate  neighbourhood,  whilst  the  portion 
of  the  cartilage  beyond  is  united  by  fibrous  tissue  to  the  edges 
of  the  fissure  by  which  it  enters  the  tympanum. 

A  consideration  of  the  development  of  the  lower  jaw  confirms, 
also,  the  association  of  this  ligament  with  the  cartilage  of  the 
mandibular  arch. 
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In  the  earlier  stages  of  ossification  of  the  lower  jaw,  Mr 
Callender  describes  the  growth  of  a  horizontal  ridge  of  bone  in 
connection  with  the  upper  surface  of  the  Meckelian  cartilage, 
this  ridge  separating  the  caitilage  from  the  dental  nerve.  The 
projecting  ledge,  at  first  convex  superiorly,  becomes  subsequently 
concave,  and  curls  over  the  nerve,  so  as  to  complete  the  dental 
canal. 

Now  the  lower  edge  of  the  internal  lateral  ligament  is  attached 
to  the  posterior  margin  of  the  bony  ridge  which,  when  com- 
completed,  forms  the  dental  canal. 

It  will  follow,  therefore,  that  the  growth  of  this  bony  ridge 
and  the  formation  of  the  ligament  must  proceed  simultaneously ; 
both  are  formed  in  connection  with  the  Meckelian  cartilage,  as 
are  the  stylo-hyoid  ligament  and  the  corniculum  in  connection 
with  the  cartilage  of  the  arch  next  succeeding. 

The  inner  margin  of  the  dental  foramen  is  almost  invariably 
overtopped  by  a  sharp  spine  of  bone,  which,  as  is  evident  from 
its  apposition  with  the  articular  element  in  the  anomalous 
specimen  first  noticed,  h  formed  in  immediate  connection  with 
the  Meckelian  cartilage,  of  which  it  may  be  considered  as  the 
extremest  bony  product  continued  in  the  line  of  the  original 
arch. 

In  no  long  time  after  birth,  the  remnant  of  cartilage  between 
the  dentary  and  base  of  the  skull  included  in  the  ligament 
doubtless  disappears,  as  does  that  which  is  long  previously 
replaced  by  the  stylo-hyoid  ligament  in  the  succeeding  arch. 
Yet  the  fibrous  tissue  remains  in  the  precise  position  of  the 
suspending  cartilage,  still  connecting,  the  dentary  with  the 
skull,  and  permanently  maintaining  the  completeness  of  the 
original  arch. 

The  morphological  significance  of  the  ligament  might  be 
marked  by  naming  it  simply  the  suspensorium. 
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ON  THE  DISEASE  CALLED  STURDY  IN  SHEEP,  IN  ITS 
RELATION  TO  CEREBRAL  LOCALISATION.  By 
George  T.  Beatson,  B.A.  (Cantab.),  M.D.  (Edin).^ 

In  the  present  paper  I  desire  to  direct  attention  to  a  subject 
which  appears  to  me  to  be  of  some  interest,  inasmuch  as  it  bears 
on  a  question  which  has  recently  excited  a  good  deal  of  discus- 
sion, and  can  hardly  yet  be  r^rded  as  settled.  I  refer  to  the 
Localisation  of  Brain  Functions.  The  investigations  and  experi- 
ments which  have  been  performed  with  a  view  of  establishing 
this  theory,  leave  no  doubt  as  to  the  existence  of  "  active  spots  " 
on  the  suHface  of  the  cerebral  hemispheres,  but  what  these 
"  active  spots "  imply,  and  what  interpretation  is  to  be  put  on 
the  phenomena  they  give  rise  to,  is  still  a  controverted  point. 
This  unsettled  state  of  the  matter  is  in  no  small  measure  due  to 
the  disturbing  influences  introduced  by  the  present  methods  of 
investigation.  Accordingly,  any  facts  that  will  throw  light  on 
the  subject,  or  that  will  suggest  a  more  suitable  line  of  investi- 
gation than  any  of  those  at  present  employed,  is  worthy  of  con- 
sideration«  It  is  this  feeling  that  has  prompted  me  to  bring 
briefly  under  notice  a  malady  which  occurs  in  one  of  our  chief 
sources  of  food  supply,  and  which  has  connected  with  it  so  many 
physiological  and  pathological  facts  of  interest,  that  I  regard  it 
as  deserving  of  more  consideration  than  it  has  hitherto  received. 
The  disease  itself  is  well  known  and  fully  understood,  and  this 
paper  is  not  written  with  any  view  of  throwing  further  light  on 
it ;  but  no  suggestions  have  as  yet,  I  think,  been  thrown  out  as 
to  the  possibility  of  making  it  available  for  the  elucidations  of 
points  connected  with  the  physiology  of  the  nervous  system,  and 
it  is  with  this  object  that  I  offer  the  following  remarks.  I  will 
first  sketch  in  outline  the  disease,  give  some  cases  to  illustrate  it, 
and  then  state  the  thoughts  that  have  occurred  to  me  as  entitling 
it  to  a  more  extended  study,  especially  at  the  present  time,  when 
the  efforts  of  misguided  popidar  enthusiasm  have  in  this  country 

^  This  paper  was  part  of  a  thesis  sent  in  for  the  degree  of  M.D.  of  the  Univer- 
sity of  Edinhnrgh.  It  was  accompanied  by  specimens  taken  from  the  eases 
referred  to  in  the  paper. 
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confined  the  field  of  experimental  inquiry  to  the  privil^ed 
few. 

My  attention  was  drawn  to  the  malady  by  observing  one  day 
a  sheep  affected  with  a  peculiar  rotatory  movement,  which  I  was 
told  was  due  to  "  a  bag  in  its  head/'  I  was  aware  of  these 
"  circus  movements"  occurring  in  animals  that  had  been  made 
the  subject  of  physiological  experiments,  but  I  did  not  at  that 
time  know  that  they  occurred  in  the  course  of  any  disease.  My 
interest  in  the  matter  in  a  few  days  was  still  further  aroused  by 
seeing  a  sheep,  similarly  affected,  operated  on  by  plunging  a  trocar 
into  a  softened  spot  in  the  animal's  skull,  when  a  quantity  of 
clear  fluid  was  withdrawn.  Belief  of  the  symptoms  at  once 
followed,  but  I  had  my  misgivings  as  to  the  ultimate  success  of 
the  operation,  as  the  trocar  used  was  neither  visibly,  nor,  in  these 
days  of  germs,  invisibly  clean,  and  the  operation  had  little  of  the 
siiavUer  in  modo  about  it.  The  result  was  as  I  had  anticipated. 
In  four  days  the  animal  became  generally  convulsed,  and  died. 
I  obtained  leave  to  open  the  head,  and  found  the  membranes  in 
a  state  of  inflammation,  and  one  hemisphere  occupied  by  a  cyst, 
the  contents  of  which  were  purulent  and  putrid,  and  very  differ* 
ent  from  the  clear  fluid  I  had  seen  evacuated  a  few  days  pre- 
viously. The  hemisphere  involved  was  invaded  to  an  extent  I 
had  not  at  all  anticipated,  being  reduced  to  a  mere  thin  layer  of 
nervous  matter  covering  the  cyst.  I  had  seen  the  animal  during 
life,  and  beyond  the  rotatory  movement  mentioned,  there  seemed 
no  great  impairment  of  motor  power.  I  was  in  this  way  led  to 
look  further  into  the  subject,  and,  as  the  result  of  my  reading 
and  observation  of  some  other  cases  that  came  under  my  notice^ 
I  gathered  the  following  facts. 

The  disease  is  by  no  means  an  uncommon  one,  and  is  known 
by  various  names,  such  as  sturdy  and  tumsick,  but  its  essential 
character  consists  in  the  presence  in  the  brain  of  the  sheep  of  an 
hydatid,  the  csenurus  cerebraUs,  which  is  a  cystic  or  bladder 
worm,  and  is  the  larval  stage  of  the  teenia  csBnurus,  one  of  the 
six  varieties  of  tape- worm  which  infest  the  dog. 

It  was  not  until  1853  that  the  cause  of  stuxdy  was  known, 
and  up  to  that  time  many  curious  reasons  were  assigned  for  it. 
In  the  year  1853,  however,  Kuchenmeister  showed  conclusively 
that  these  cysts  in  the  brain  were  hydatids,  and  that  they  were 
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the  lan'al  stage  of  the  taenia  csenurus  of  the  dog.  His  experi- 
ments consisted  in  giving  to  dogs  these  hydatids  from  the  brains 
of  sturdy  sheep.  As  a  result  of  this  they  became  affected  with 
teenia  ceenuros.  He  then  fed  lambs  on  the  joints  of  the  taenia 
thus  obtained,  and  in  little  more  than  a  fortnight  he  found  the 
symptoms  of  sturdy  made  their  appearance.  At  the  suggestion 
of  Kuchenmeister  others  pursued  the  line  of  inquiry,  and  with 
similar  results.  The  only  experiments  that  I  shall  mention  are 
those  of  Dr  Haubuer  of  Dresden,  who  fed  six  young  lambs  on 
the  segments  of  a  tsenia  casnurus.  They  all  died  of  sturdy, 
and  the  caenurus  cysts  were  found  in  the  brain,  and  in  other 
organs  of  the  body,  as  the  lungs,  heart,  and  voluntary,  but  in 
these  latter  situations  they  seemed  to  be  abortive,  and  only  to 
flourish  in  the  brain,  where,  in  the  cortical  substance  of  that  . 
organ  they  were  found  in  diflPerent  stages  of  development.  The 
symptoms  of  the  vertiginous  disease  commenced  in  about  a  fort- 
night after  the  administration  of  the  segments  of  the  taenia; 
and  indeed  it  was  noticed  in  all  the  experiments  that  the  ap- 
pearance of  the  symptoms  was  curiously  constant,  ranging  from 
the  fifteenth  to  the  eighteenth  day. 

The  establishment  of  the  connection  between  the  hydatid  in 
the  sheep's  brain  and  the  taenia  of  the  dpg  soon  cleared  up  many 
points  connected  with  the  disease  that  were  difficult  to  explain. 
Thus,  it  had  been  observed  that  sheep  in  the  lowlands  were  not 
so  much  affected  as  those  fed  on  the  higher  regions,  and  various 
theories  were  put  forward  to  account  for  it;  but  it  is  to  be 
explained  by  the  fact,  that  on  the  lowlands  the  sheep  are  usually 
kept  in  enclosures,  and  no  dogs  are  required,  while  on  the  more 
elevated  parts  dogs  are  of  necessity  needed  in  tending  the  sheep, 
and  are  thus  brought  into  contact  with  them,  and  set  up  the 
disease.  If  we  take  the  case  of  a  dog  affected  with  taenia 
caenurus,  it  is  not  difficult  to  trace  the  course  of  events.  He 
wanders  about  distributing  the  ova  of  the  taenia  on  the  pastures, 
and  they  are  scattered  by  various  other  agencies,  and  are  swal* 
lowed  by  the  sheep  while  grazing.  When  they  have  reached  the 
true  digestive  stomach  they  are  acted  on  by  the  gastric  juice, 
their  coverings  ai«  dissolved,  and  the  small  aix-hooked  embryos 
escape,  and  by  means  of  their  hooks  bore  their  way  into  the 
blood-vessels,  and  are  carried  to  the  brain,  where  they  take  up 
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their  abode^  either  from  some  selective  power  on  their  own 
part,  or  favoured  by  the  peculiar  cerebral  circulation  in  the 
brain  of  the  sheep,  with  its  wonderful  rete  mirdbile.  When 
they  have  reached  the  brain  they  once  more  make  their  way  out 
of  the  blood-vessels,  and  undergo  changes  adapted  to  their  new 
and  final  resting-place.  Thus,  they  part  with  their  hooks  and 
gradually  acquire  the  bladder-worm  state,  in  which  condition 
they  vary  in  size  from  a  pin's  head  to  a  walnut.  After  a  further 
period  of  some  weeks  they  attain  their  polycephalous  condition, 
and  thus  complete  what  we  must  regard  as  a  most  wonderful 
cycle  of  changes  in  development. 

In  its  polycephalous  condition  the  hydatid  is  a  thin  trans- 
parent bag  or  cyst  with  a  number  of  small  whitish  spots  like 
eggs  on  its  surface,  disposed  in  regular  lines.  These  are  the 
heads  of  the  hydatids,  and  they  possess  the  peculiar  property  of 
being  exsertUe  or  protrusiMe,  a  characteristic  of  some  importance, 
and  which  bears  on  some  of  the  symptoms  of  the  disease.  The 
fluid  contained  in  this  cyst  is  of  a  clear  pellucid  character.  It 
has  a  sp.  gr.  of  1*008  to  1*013,  and  it  is  either  neutral  or  slightly 
alkaline.  It  has  only  a  trace  of  albumen,  but  it  has  some  ex- 
tractive matters  and  some  salts,  chiefly  the  chloride  of  sodium. 
The  cyst  wall  consists  of  two  layers,  an  ectocyst  which  is  fibrous 
in  character,  and  an  endocyst,  which  is  a  very  thin  and  delicate 
membrane.  The  latter  is  the  mother  sac  of  the  embryo  (Huxley) 
and  corresponds  to  the  germinal  membrane  of  Goodsir.  It  is  the 
seat  of  development  of  the  heads  of  the  hydatid,  and  to  it  they 
are  attached.  Examined  microscopically  one  of  these  heads 
appears  in  the  form  of  a  tetragon  with  a  circle  of  sickle-shaped 
booklets  at  its  summit,  and  a  mouth  on  each  of  the  sides  of  the 
head.  A  single  cyst  may  support  a  number  of  these  heads,  the 
number  depending  on  the  age  of  the  ca^nurus.  The  cyst  is  not 
incorporated  with  the  brain  substance,  but  is  surrounded  with 
areolar  tissue  and  can  be  readily  removed.  In  fact,  in  making 
post  mortem  examinations  on  sturdy  sheep,  if  the  head  was  at  all 
turned  over  and  the  cyst  on  the  surface  of  the  brain  it  would 
fall  out  from  the  bed  in  which  it  lay.  One  other  point  con- 
nected with  the  life  history  of  this  hydatid  demands  notice.  It 
is  this,  that  after  a  variable  time  it  causes  a  softening  of  the 
skull  at  one  spot,  the  bony  roof  of  the  cranium  disappearing  by 
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the  constant  pressure  of  the  cyst,  and  the  presence  of  this  soft 
and  yielding  spot  forms  a  guide  to  the  situation  of  the  hydatid 
It  may  be  possible  that  pi'essure  is  not  the  only  factor  in  causing 
this  absorption  of  the  bony  wall  of  the  skull,  but  that  it  is 
partly  due  to  the  protusible  heads  of  the  hydatid,  which  not 
only  remove  the  brain  substance  but  eat  away  the  bone  itself, 
which  sometimes  presents  in  its  interior  a  worm-eaten  aspect. 

Coming  next  to  the  symptoms  developed  by  the  presence  of 
the  hydatid  in  the  brain  of  the  sheep,  we  find  that  they  vary 
with  the  stage  that  the  disease  has  reached,  but  they  are  such 
as  to  be  of  great  interest  to  the  physiologist.  Amongst  the 
earliest  symptoms  of  the  disease  are  those  of  cerebral  conges- 
tion, as  shown  by  the  red  eyes  and  dilated  pupils,  and  this  is 
followed  by  an  inclination  on  the  part  of  the  animal  to  separate 
itself  from  the  rest  of  the  flock.  It  becomes  dull  and  listless 
about  its  food,  and  often  seems  filled  with  an  imaginary  nervous- 
ness and  dread.  Often  these  symptoms  subside  as  the  brain 
becomes  absorbed  and  the  contents  of  the  skull  adapt  them- 
selves to  the  new  parasite,  but  it  is  usually  a  temporary  improv- 
ment,  and  the  symptoms  increase  in  severity.  Thus  the  head 
turns  to  one  side,  there  is  difficulty  in  grazing,  the  animal 
becomes  frightened  without  any  apparent  cause,  and  it  likes  to 
stand  over  any  running  water,  as  if  the  murmuring  sound  caused 
by  it  had  some  soothing  influence  over  it.  Sooner  or  later 
appears  the  rotatory  movement  which  is  characteristic  of  the 
disease.  It  is  a  very  peculiar  movement,  and  I  will  not  discuss 
it  further  here,  than  by  stating  that  its  direction  is  influenced 
by  the  situation  of  the  cyst  in  the  brain.  Thus,  if  it  is  in  one  of 
the  hemispheres  the  animal  turns  to  that  side;  while,  if  it  is  in  the 
cerebellum,  there  is  a  peculiar  uncertainty  of  gait  and  a  reeling 
motion.  When  once  the  rotatory  movement  is  developed,  it 
increases  in  frequency  and  rapidity,  interfering  with  the  animal 
feeding,  and  eventually  it  leads  to  its  death  by  exhaustion  and 
emaciatioiL 

Of  the  treatment  usually  adopted  in  this  affection  I  do  not 
propose  to  dwell  at  any  length,  beyond  stating  that  the  plan 
now  chiefly  in  vogue  of  removing  the  cyst,  as  soon  as  softening 
of  the  skull  declares  its  whereabouts,  seems  the  most  rational 
course.     It  is  founded  on  the  natural  cure  of  sturdy,  which  is 
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sometimes  seen  iii  cases  where  the  affected  sheep  receives  a 
wound  at  the  point  of  the  skull  where  the  bone  has  been  thinned 
or  absorbed.  Through  the  aperture  thus  made  the  hydatid 
escapes,  fovoured  by  the  fact  that  the  cyst  is  surrounded  by 
areolar  tissue  and  is  not  incorporated  with  the  brain  substance. 
It  is  as  well,  if  the  symptoms  allow,  to  wait  for  the  softening  of 
the  cranial  bones,  as  it  does  away  with  the  necessity  for  the 
trephine,  and  thus  avoids  a  large  opening  into  the  skulL  Even 
this  instrument,  however,  is  used  with  success ;  and  I  find  that 
Sir  Astley  Cooper,  who  was  much  attached  to  the  veterinary  art, 
and  conducted  many  interesting  experiments  at  his  farm  near 
Hemel  Hampstead,  used  to  take  great  pride  in  exhibiting  an 
ewe  which  he  had  trephined  for  sturdy,  and  from  whose  cranium 
he  had  extracted  a  laige  hydatid. 

Did  space  allow  I  should  like  to  say  a  few  words  in  reference 
to  the  descriptive  anatomy  of  the  sheep's  brain,  but  I  will  con- 
tent myself  with  alluding  only  to  the  convolutions  and  to  the 
vascular  supply.  As  regards  the  former,  when  we  examine  a 
sheep's  brain  we  are  struck  with  their  very  sinuous  and  tortuous 
character,  but  they  are  symmetrical  on  both  sides,  and  are  not 
unlike  in  some  tespects  to  those  of  the  human  brain.  On  taking 
a  side  view  of  the  brain  the  well-marked  fissure  of  Sylvius 
strikes  our  eye,  and  we  notice  that  the  convolutions  have  a 
tendency  to  group  themselves  round  it,  although  they  really 
traverse  the  whole  brain  from  before  backwards.  In  the  cere- 
bral circulation  the  chief  point  to  be  noticed  is  the  existence  of 
a  well-marked  rete  mirabile,  which  is  made  of  two  lateral  elon- 
gated lobes,  almost  independent  of  each  other,  but  each  forming 
a  small  ovoid  mass,  elongated  from  before  backwards,  and  lying 
on  each  side  of  the  sella  turcica  beneath  the  dura  mater.  This 
rete  is  composed  of  a  multitude  of  fine  arterial  twigs  which 
anastomose  with  each  other  very  freely,  and,  doubtless,  the 
object  of  it  is  to  moderate  the  rapidity  of  the  blood  current  as  it 
enters  the  cranium  in  the  different  positions  of  the  head,  and 
thus  preserve  the  brain  from  any  sudden  influx  of  blood  to 
which  it  might  be  exposed  by  the  head  of  the  animal  assuming 
the  dependent  position.  Besides  furnisliing  in  this  way  an 
equable  supply  of  blood  without  the  risk  of  check  or  hindrance, 
it  obviates  the  tendency  to  any  congestion  of  the  brain  while 
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the  animal  is  feeding.  There  is  also  in  the  course  of  the  ophthal- 
mic artery  an  arterial  plexus  very  similar  to  the  rete.  While, 
however,  these  peculiarities  in  the  blood  supply  of  the  brain 
of  the  sheep  have  a  salutary  tendency,  they  also  favour  the 
disease  of  which  I  write,  for  we  have  seen  that  the  hydatid 
enters  the  blood-vessels  and  is  carried  along  in  the  circulation. 
Hence  the  vascularity  of  the  brain,  the  slowing  of  the  blood- 
current  in  the  rete,  and  the  thinness  of  the  walls  of  the 
capillaries  are  all  in  favour  of  the  parasite  choosing  the  brain  as 
its  habitat. 

I  have  now  sketched  in  outline  the  essential  characters  of  the 
affection  under  discussion,  and  I  now  purpose  to  allude  briefly 
to  some  cases  that  I  had  under  observation,  and  the  course  and 
nature  of  which  exemplify  several  of  the  points  that  I  am  in- 
clined to  think  make  this  malady  somewhat  more  deserving  of 
general  notice. 

One  of  the  first  cases  of  sturdy  that  came  under  my  notice  was 
that  of  a  sheep  affected  with  muscular  tremors  of  the  body, 
together  with  difficulty  of  locomotion,  and  it  was  considered  by 
the  owner  to  be  suffering  from  a  disease  called  ''  the  tremblings." 
Whatever  was  the  pathological  condition  in  the  case,  it  was 
evident  that  there  was  a  decided  loss  of  co-ordinating  power,  as 
shown  by  the  unsteady  gait,  and  by  the  fact  that,  as  soon  as  the 
animal  was  urged  to  move  faster  than  the  ordinary  walking 
pace,  it  fell  on  its  left  side  and  was  unable  to  rise.  When  it 
was  killed  I  obtained  the  head,  and  on  examining  it  I  found  in 
the  cerebellum  an  hydatid,  which  had  destroyed  a  greater  part 
of  the  left  portion  of  the  central  lobe,  and  also  part  of  the  left 
lateral  lobe.  There  was  only  a  thin  layer  of  brain  tissue  cover- 
ing the  cyst     The  rest  of  the  brain  was  healthy. 

This  case  was  of  interest  to  me  as  confirming  the  generally 
received  view, — established  by  experiment,  pathological  evidence, 
and  comparative  anatomy, — that  the  cerebellum  is  concerned  in 
the  co-ordination  of  movement.  As  to  the  exact  manner  in 
which  it  exercises  this  function  there  may  be  a  difference  of 
opinion;  but  it  is  probably  from  its  connection  with  the  restiform 
bodies  and  the  corpora  quadrigimina,  the  former  conducting  the 
impressions  belonging  to  the  muscular  sense,  and  the  latter  the 
guidance  furnished  by  the  visual  organs.     But  this  case  further 
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suggested  to  me  the  questiou,  Whether  we  have  not  in  this 
malady  a  means  of  investigating  brain  function  that  has  some- 
thing to  recommend  it?  It  would  only  be  necessary  to  obtain  a 
number  of  sheep  or  lambs,  feed  them  on  the  segments  of  the 
taenia  caenurus,  and  we  would  have  developed  in  them,  perhaps, 
this  very  lesion,  or  some  other  one  of  equal  interest.  I  know 
that  there  is.  much  to  be  urged  against  the  results  given  by 
disease,  or,  as  they  are  sometimes  termed,  "nature's  experi- 
ments " ;  but  there  are  also  weighty  objections  to  the  present 
methods  of  experimental  inquiry,  for  often  the  symptoms  must 
be  attributed  to  the  operation  itself,  with  its  shock,  haemorrhage, 
and  subsequent  inflammation.  All  these  latter  disturbing 
elements  are  absent  in  the  method  I  propose.  It  is  true  that 
we  cannot  fix  definitely  beforehand  the  lesion  we  will  have, 
but  the  experiments  of  Dr  Haubner  and  others  make  it  clear 
that  we  may  reckon  on  some  lesion  being  established  in  the 
cortical  substance  of  the  brain,  and  that  within  a  comparatively 
short  time,  for  we  saw  that  in  those  cases  the  symptoms  of 
sturdy  declared  themselves  in  about  fifteen  days.  I  am  also 
inclined  to  think  that  investigations  such  as  these  do  not  come  \ 

within  the  pale  of  the  law  as  it  at  present  stands, — and  that  is  ^ 
no  small  reconmiendation  at  the  present  time,  when  popular 
ignorance  and  prejudice  has  done  so  much  to  limit  scientific 
inquiry.  The  structure,  too,  of  these  hydatids,  with  their  pro- 
trusible  heads,  is  a  point  not  to  be  lost  sight  of,  for  owing  to 
this  they  are  real  cerebral  excitants,  and  at  the  same  time 
remove,  little  by  little,  the  brain  substance  in  their  vicinity, 
so  that  they  would  be  classed  under  the  head  of  investigations 
by  local  destruction.  It  will  be  seen,  also,  in  connection  with 
some  of  the  cases  I  shall  quote,  that  by  this  disease  parts  of  tlie 
brain  are  destroyed  which  it  is  very  difiicult  to  reach  experi- 
mentally, except  by  very  complicated  and  severe  measures,  and 
also  that  much  of  interest  may  be  learnt  by  the  removal  of  the 
cyst  after  definite  symptoms  have  shown  themselves.  These 
reasons  have  weighed  with  me  in  thinking  that  there  is  a  good 
deal  to  recommend  the  method  of  investigating  the  functions 
of  the  brain,  by  inducing  disease  in  it  by  means  of  ova  which 
have  a  predilection  for  that  organ,  especially  as  they  take  up 
their  habitat  in  the  cortical  substance  of  the  brain,  the  tissue  in 
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which  recent  inquiries  have  located  nearly  all  the  "  centres  "  of 
our  daily  life. 

The  next  case  that  I  shall  allude  to  was  affected  only  with 
the  symptom  of  the  rotatory  motion  to  which  reference  has  been 
made,  as  being  so  characteristic  of  sturdy.  The  animal  was  able 
to  graze,  and  suffered  not  the  slightest  loss  of  motor  power,  but 
at  intervals  it  exhibited  a  single  rotatory  movement,  which  took 
place  from  right  to  left,  ix.,  the  creature  turned  its  head  towards 
its  own  right,  and  executed  a  "circus  movement"  round  about 
the  spot'where  it  stood.  I  forced  it  to  run,  when  it  did  so  quite 
well,  but  every  now  and  again  it  would  perform  this  rotatojy 
movement  on  its  own  axis,  and  then  continue  its  course  in  a 
straight  line.  This  was  the  only  objective  symptom  I  could 
detect.  In  every  other  respect  the  creature  was  active  and  well- 
nourished.  I  made  a  post  mortem  examination  of  the  head.  On 
taking  off  the  calvarium,  nothing  abnormal  was  noticed;  but 
when  the  brain  was  entirely  removed,  I  observed  that  the  lower 
part  of  the  right  hemisphere  was  occupied  by  a  cyst.  A  further 
examination  of  the  brain,  after  it  had  been  hardened  in  spirit 
and  the  cyst  removed,  showed  the  following  lesions : — ^There  was 
a  cavity  in  the  right  hemisphere  of  the  size  of  a  pigeon's  egg. 
Looking  at  the  brain  from  the  outside,  it  was  seen  that  the 
external  root  of  the  olfactory  lobe  was  destroyed,  as  well  as 
the  extra- ventricular  portion  of  the  corpus  striatum,  which  was 
reduced  to  a  thin  transparent  layer  of  nerve  tissue.  An  ex- 
amination of  the  interior  of  the  cavity  made  by  the  cyst  showed 
that  the  corpus  striatum  had  entirely  disappeared,  as  well  as  the 
taenia  semicircularis  with  its  covering  of  the  choroid  plexus, 
and  also  the  anterior  part  of  the  optic  thalamus. 

In  connection  with  this  case,  the  only  point  I  wish  to  con- 
sider is  the  rotatory  movement,  although  the  case  also  presents 
one  other  point  of  no  smaU  interest — ^the  gradual  disappearance 
of  the  corpus  striatum  without  loss  of  motor  power.  As  regards 
the  rotatory  movement,  it  is  not  clear  why  it  should  be  so 
marked  a  symptom  of  sturdy.  Some  think  that  it  is  due  to  the 
exsertile  power  possessed  by  the  heads  of  the  hydatid,  which 
can  penetrate  the  brain  substance  to  the  depth  of  nearly  two 
lines,  and  thus  really  become  cerebral  irritants.     One  writer 

regards  the  turning  as  a  phenomenon  of  excitation,  and,  com- 
VOL.  xiv.  p 
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parii^  the  exsertile  beads  of  the  caenurus  to  pin  points,  he  asks 
if  very  manifest  phenomena  of  excitation  would  not  result  in 
any  animal,  by  plunging  into  the  substance  of  the  brain  a  great 
number  of  pin  points  at  a  depth  varying  from  one  to  two  lines. 
He  also  thinks  that  the  increase  in  the  number  of  the  heads,  as 
the  caenurus  assumes  the  polycephalous  condition,  explains  the 
increase  in  the  number  and  frequency  of  the  rotatory  move- 
ments. I  am  myself  inclined  to  look  on  these  movements  as 
the  result  of  irritation,  which  interferes  with  the  proper  working 
of  the  general  co-ordinating  mechanism  of  the  brain,  irrespective 
of  the  structure  involved.  If  this  be  the  correct  interpretation  of 
the  phenomenon,  it  throws  light  on  the  occurrence  of  such 
movements  after  experiments  on  the  brain,  for  it  is  well  known 
that  they  follow  very  diflferent  operations,  and  Brown  Sequard 
has  tabulated  a  number  of  the  injuries  that  cause  them,  showing 
that  they  are  confined  to  no  particular  structure.  At  first  I  was 
inclined  to  attribute  them,  in  the  present  case,  to  the  involve- 
ment of  the  ganglia  at  the  base  of  the  brain ;  but  subsequent 
cases,  where  these  ganglia  were  intact  and  where  the  movements 
were  present,  forced  me  to  relinquish  that  idea,  and  rather  to 
fall  back  on  the  irritant  element  present  in  the  disease.  I 
regard,  then,  this  disease  as  valuable  to  the  physiologist,  in 
showing  that  many  of  the  symptoms  that  follow  an  experi- 
mental  operation  may  be  due,  not  to  the  lesion  of  any  particular 
part  of  the  brain,  but  to  the  general  influence  which  the  opera- 
tion has  set  up  in  the  delicate  and  sensitive  apparatus  of  the 
nervous  system.  This  influence  that  I  speak  of  acts  either  by 
making  the  brain  unable  to  receive  the  many  afferent  impulses 
which  are  continually  making  themselves  felt,  or  by  rendering 
it  incapable  of  putting  forth  the  controlling  power  which  we 
call  the  Will.  We  know  how,  in  the  normal  state,  every  minute 
of  our  lives,  influences  from  sight,  hearing,  muscular  sense,  and 
other  sources  invade  our  frame,  and  how  necessary  they  are  for 
our  movements,  and  how  completely  they  are  under  our  will. 
Bearing  this  in  mind,  and  remembering  that  in  animals,  lower 
in  the  scale  than  man,  any  interference  with  the  sources  from 
which  these  guiding  influences  come  makes  itself  still  more  felt, 
we  can  understand  how  an  irritation  that  exercises  an  inhibitory 
action  over  the  will  or  the  different  senses  will  allow  of  such 
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movements.  The  question  then  is,  whether  we  have  evidence 
in  this  disease  of  inhibitory  action  over  any  of  the  senses  by 
which  guiding  influences  come.  I  think  there  is.  Struck  by 
the  fact  that,  in  the  present  case,  the  cyst  was  on  the  same 
side  as  the  rotatory  movement,  I  examined  as  carefully  as  I 
could  into  the  condition  of  the  sight  in  all  the  cases  of  sturdy 
under  my  notice,  and  I  invariably  found  that  when  the  vertigin- 
ous movement  was  present,  there  was  some  interference  with 
vision  on  the  opposite  side  of  the  body,  though,  as  the  disease 
advanced,  both  eyes  might  become  involved.  Accordingly,  I  am 
inclined  to  think  that,  while  the  actual  rotatory  movement  is 
due  to  the  irritation  of  the  cyst  setting  in  action  nervous  force 
which  is  too  strong  for  the  now  weakened  will  to  control,  the 
direction  of  the  movement  is  determined  by  the  fact  of  the 
visual  power  being  in  abeyance.  Undoubtedly  sight  is  a  power* 
ful  factor  in  the  co-ordination  of  our  movements.  As  Mayo 
long  since  observed :  "  We  lean  on  our  eyesight  as  on  crutches ;" 
and,  ii  further  confirmation  of  the  remark  were  needed,  we  have 
only  to  refer  to  the  experiments  of  Flourens  and  Longet,  the 
former  of  whom  produced  vertiginous  movements  in  pigeons  by 
blinding  one  eye,  and  the  latter  by  evacuating  the  humours 
of  the  eye.  This  view  as  to  the  origin  of  these  rotatory 
movements  derives  support  from  the  fact  that,  when  sturdy 
becomes  far  advanced,  and  the  vision  of  both  eyes  is  affected, 
the  vertiginous  movements  cease.  It  is  also  in  keeping  with 
the  statement  furnished  by  persons  who  suffer  from  similar 
movements,  that  they  are  usually  preceded  by  some  disorder  of 
the  sight  On  these  grounds  I  do  not  support  the  theoiy  that 
explains  these  movements  as  due  to  spasms  and  paralysis  of  the 
muscles  on  the  side  towards  which  the  movement  takes  place, 
for  my  experience  has  been  that  they  always  occur  on  the  side 
corresponding  to  that  on  which  the  cyst  is.  Now,  if  the  brain 
lesion  affected  the  muscles  at  all,  it  would  do  so  on  the  oppo- 
site side  of  the  body,  and  hence  the  rotatory  movement  should 
be  on  the  side  opposite  to  that  on  which  the  cyst  Ues. 

The  next  case  to  which  reference  will  be  made  illustrates 
the  point  that  impressed  me  so  much  in  the  first  case  of  this 
disease  which  I  saw,  namely,  the  extent  to  which  a  cerebral 
hemisphere  may  be  destroyed,  and  yet  there   be  no  loss  of 
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motor  power.  In  this  instance  there  was  in  the  left  hemi- 
sphere a  cavity  which  held  6  drachms  of  fluid,  and  the  region 
round  the  Sylvian  fissure,  corresponding  to  Ferrier's  motor 
region,  and  in  which  all  his  motor  centres  lie  grouped,  was 
reduced  to  a  transparent  layer  of  tissue,  no  longer  fit  to  be 
considered  capable  of  discharging  its  functions,  and  micro- 
scopically showing  no  trace  of  nerve  structure.  Notwithstanding, 
there  was  an  entire  absence  of  paralysis,  the  only  symptoms 
noticed  being  turning  of  the  head  to  the  left  side  while  standing 
and  eating,  and  well-marked  loss  of  vision  in  the  right  eye. 
Under  circumstances  such  as  this,  it  is  not  strange,  I  think,  that 
one  should  feel  some  doubt  and  suspicion,  not  as  to  Ferrier's 
facts,  but  as  to  the  conclusions  he  draws  from  them.    Because  ^ 

electrical  irritation  of  certain  spots  on  the  surface  of  the  brain 
caUs  forth  movements,  he  considers  that  the  spots  are  the 
motor  centres  of  that  organ,  not  only  in  the  sense  that  they  are 
the  areas  to  which  motor  influences  come,  and  from  which 
motor  influences  descend  to  the  parts  below,  but  also  as  the 
regions  where  the  processes  of  thought  involved  in  these  move- 
ments take  place.  If  such  is  the  case,  it  is  hard  to  understand 
how  the  animal,  in  the  case  I  refer  to,  was  able  to  make  a  com-  ^ 

plete  and  co-ordinated  movement  to  escape,  as  it  did  when  I 
tried  to  catch  it  in  the  field.  It  should  have  lain  a  struggling 
paralytic,  one  side  of  its  body  in  full  possession  of  motor  power, 
the  other  devoid  of  motion  and  a  hindrance  to  progression. 
When  we  see  an  animal  capable  of  putting  into  execution  a 
movement  which  involves  volition  and  motor  power,  then  we 
are,  I  think,  at  liberty  to  conclude  that  its  psycho-motor  centres 
are  not  absent,  and  if  the  only  region  where  they  are  said  to  v^ 

exist  is  destroyed,  we  are  surely  warranted  in  concluding  that 
that  region  has  had  powers  assigned  to  it  which  it  does  not 
possess,  or  which  are  shared  by  other  parts  as  well. 

Did  space  allow,  I  should  much  like  to  speak  of  two  cases 
of  sturdy  in  which  there  existed  well-marked  and  defined 
lesions  of  the  hippocampal  region  without  paralysis  or  loss  of 
motor  power  of  any  kind,  though  Ferrier  has  assigned  these 
consequences  to  destructive  lesions  of  those  parts  of  the  brain. 
In  one  of  them,  in  which  the  whole  of  the  posterior  lobe  of  the 
left  hemisphere  was  destroyed  and  the  convolution  correspond- 
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iDg  to  the  gyms  fomicatus  of  the  monkey  was  redaced  to  a 
mere  layer  of  disintegrated  nerve  tissue,  the  creature  was  active 
and  brisk,  suffering  only  from  a  rotatory  movement  from  left  to 
right,  and  from  some  impairment  of  vision  in  the  right  eye. 
This  latter  defect  showed  itself  to  me  one  day  while  I  was 
trying  to  catch  the  animal  to  examine  the  state  of  its  pupils. 
It  made  off  across  the  field  at  a  very  quick  pace,  and,  while 
running,  it  passed  a  tree  from  which  it  shied  away,  exactly  as  a 
horse  does  from  an  object  that  it  cannot  quite  make  out.  From 
this  occurrence  I  was  led  to  regard  its  vision  as  being  affected, 
chiefly  in  the  direction  of  not  recognising  what  an  object  really 
was ;  and  in  this  particidar  it  reminded  me  of  the  dog  Goltz 
speaks  of  in  his  experiments  that  was  not  frightened  by  objects 
that  had  caused  him  terror  previous  to  being  experimented  on, 
because  they  had  lost  their  significance  to  him.  Further,  both 
these  cases  illustrated  the  value  of  this  disease  as  a  method  of 
investigation,  as  in  each  of  them  there  was  destroyed,  without 
shock,  haemorrhage,  or  inflammation,  a  region  that  Ferrier  tells 
us  he  thought  it  would  be  impossible  to  deal  with,  but  the 
destruction  of  which  was  eventually  accomplished  by  a  very 
complicated  method  of  operating. 

I  shall  conclude  my  list  of  cases  by  detailing  one  in  which  I 
removed  the  cyst  by  operative  measures,  after  allowing  the 
animal  to  go  through  the  various  stages  of  the  disease,  and  only 
interfering  when  the  creature  was  moribund.  I  was  anxious  to 
satisfy  myself  as  to  the  feasibility  of  removing  the  cyst,  and  as 
to  whether  its  removal  would  restore  functions  that  seemed  in 
abeyance.  With  this  view,  I  obtained  a  sheep  in  the  earliest 
stage  of  the  disease,  when  the  only  symptoms  of  the  disorder 
evident  were  seen  in  its  separating  itself  from  the  rest  of  the 
flock,  and  being  more  easily  alarmed  and  excited.  It  was  under 
observation  for  some  weeks,  and  during  that  time  the  rotatory 
movement  from  right  to  left  showed  itself,  together  with  loss  of 
vision,  first  in  the  left  eye  and  then  in  the  right  one,  until, 
eventually  it  became  like  an  animal  deprived  of  its  cerebral 
hemispheres.  It  stood  in  the  field  with  its  head  pushed  forward, 
quite  listless,  and  refusing  to  eat  If  it  moved  at  all  it  was 
towards  its  right  side,  in  a  circular  manner.  It  had  become 
very  emaciated,  owing  to  its  refusal  to  eat,  and  was  dying  of 
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starvation  though  in  the  midst  of  plenty.  I  felt  that,  if  the 
creature  was  to  be  saved,  the  cyst  must  be  removed,  and, 
accordingly,  in  a  surgical  capacity,  and  not  as  a  vivisector,  I 
determined  to  extract  the  cyst.  The  rotatory  movement  being 
towards  the  right  side,  and  there  being  a  softened  spot  of 
bone  about  one  inch  posterior  to  the  right  horn,  it  was  clear 
that  the  cyst  occupied  the  right  side  of  the  brain.  Previous 
to  operating  I  ascertained  that  the  sight  of  both  eyes  was 
gone,  for  holding  a  lighted  candle  in  front  of  them  and  stiiking 
a  match  had  no  effect  on  the  dilated  pupils,  and  did  not  cause 
the  animal  to  start.  There  was  no  paralysis  of  the  limbs, 
although  the  legs  on  the  left  side  of  the  body  seemed  weaker 
and  more  awkwardly  placed.      As  I  wished  to  introduce  no  ^ 

disturbing  clement  into  the  case,  I  did  not  administer  any 
chloroform,  and  I  performed  the  operation  by  Lister's  method, 
taking  every  antiseptic  precaution,  for  I  knew  that  in  this 
way  I  would  diminish  to  a  minimum  the  risk  of  inflam- 
mation, as  I  kept  in  mind  the  first  case  I  had  seen  operated 
on,  where  putridity  and  its  subsequent  inflammation  caused 
death.  I  will  not  give  in  detail  all  the  steps  of  the  opera* 
tion,  suiflce  it  to  say  that  I  made  a  crucial  incision  over  the  ^ 

soft  portion  of  the  skuU,  reflected  the  soft  parts,  cut  through 
the  softened  skull  and  dura  mater,  and  seized  the  cyst  with 
artery  forceps.  By  means  of  a  fine  trocar  I  evacuated  its  con- 
tents and  pulled  out  the  bag  through  the  opening  in  the  skull. 
An  antiseptic  dressing  was  applied,  sufficient  to  last  for  some 
days,  and  I  had  the  creature  put  under  cover  and  artificially  fed. 
The  next  day  a  most  marked  change  was  visible  io  the  animal. 
It  was  no  longer  dull  and  lethargic,  but  paced  rapidly  about  the  ^-^ 

place  where  it  was  confined,  and  fed  on  the  hay  placed  for  it. 
This  improvement  continued,  interrupted  only  by  some  con- 
vulsive attacks  which  lasted  for  three  or  four  days  and  then 
passed  off.  These  I  attributed  to  some  accumulation  of  dis- 
charge in  the  interior  of  the  cavity  where  the  cyst  had  been, 
and  from  its  position  it  was  not  easy  to  drain  it.  I  antici- 
pated some  oozing  into  the  cavity,  but,  under  the  antiseptic 
precautions  used,  I  felt  that  it  would  not  putrefy,  and  I 
trusted  to  its  being  absorbed,  so  I  employed  no  drainaga  At 
the  end  of  a  fortnight  I  was  able  to  let  the  creature  loose  once 
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more  in  the  park,  where  it  was  in  no  way  to  be  distinguished 
from  the  other  sheep.  It  grazed,  moved  about  naturally, 
and  was  free  from  any  rotatory  movement.  Before  sending  it 
out  I  tested  its  vision,  and  I  found  that  in  both  eyes  it  was 
good,  the  hand  drawn  in  front  of  either  eye  causing  it  to  throw 
back  its  head,  and  the  pupils  responding  to  light.  For  six 
weeks  after  the  operation  I  kept  it  alive,  during  which  time  it 
still  further  improved  in  condition,  and  it  was  impossible  to  tell 
that  anything  had  been  wrong  with  it.  At  the  end  of  that 
period  it  was  killed,  and  the  head  examined  after  death.  On 
removing  the  calvarium  there  were  some  adhesions  of  the  mem- 
branes to  the  skull  at  the  spot  where  the  cyst  had  been  removed, 
and  in  the  same  locality  the  two  sides  of  the  hemispheres  were 
joined  by  inflammatory  matter,  quite  obliterating  the  median 
fissure.  The  cyst  had  evidently  occupied  the  right  upper 
posterior  convolution,  and  had  somewhat  invaded  the  corre- 
sponding part  of  the  opposite  hemisphere.  A  point  of  interest 
showed  itself  when  a  section  of  the  brain  was  made  in  the 
middle  line.  The  inflammatory  adhesions  between  the  upper 
surface  of  the  brain  and  the  dura  mater  lining  the  skull  had  so 
pulled  up  the  brain  to  the  bony  case  that  there  had  been  formed 
in  the  interior  of  the  brain  a  large  single  cavity,  made  up  of  the 
two  lateral  ventricles,  owing  to  the  corpus  callosum  being  drawn 
up  and  the  septum  lucidum  put  on  the  stretch.  Otherwise  the 
brain  was  natural  Such  is  a  brief  outline  of  a  case  that,  apart 
from  its  surgical  result,  had  in  it  much  that  was  interesting 
physiologically.  The  seat  of  the  lesion  approximated  closely  to 
Ferrier's  centre  for  sight,  but  the  complete  return  of  that  sense 
after  operation  indicated  clearly  that  it  was  really  only  in  abey- 
anca  This  case  then  shows,  what  Goltz's  experiments  also 
confirm,  that  many  of  the  results  obtained  in  experimental 
inquiries  should  be  referred  rather  to  disturbances  of  function 
than  removal  of  function,  and  this  possibility  should  always  be 
borne  in  mind.  I  consider  this  case  as  very  instructive  in  that 
respect  Had  I  not  operated  on  it  I  should  have  regarded  it  as 
a  case  in  which  the  visual  centre  had  been  destroyed  by  the 
cyst,  whereas  in  reality  the  organ  of  sight  was  temporarily  in- 
volved, owing  to  the  disturbance  set  up  in  the  mechanism  of  the 
brain  by  the  presence  of  an  irritant  such  as  we  have  seen  this 
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hydatid  is.  The  return  of  a  function  that  seemed  destroyed,  as 
soon  as  the  source  of  irritation  was  removed,  is  only  another 
instance  of  how  careful  we  should  be  in  drawing  conclusions 
from  experimental  inquiries.  I  must  not,  however,  dwell  any 
longer  on  this  point. 

In  concluding,  I  may  say  that  I  wish  my  observations  had 
been  more  extended  and  been  made  with  more  thoroughness, 
but  they  were  often  conducted  under  considerable  difficulties, 
and  they  were  chiefly  undertaken  with  the  view  of  ascertaining 
whether  the  malady  was  one  that  would  repay  more  extended 
observation.  I  think  it  would,  and  in  the  course  of  this  paper  I 
have  noted  several  points  which  specially  recommend  it,  so  I 
need  not  recapitulate  them  here.  In  such  a  difficult  study 
as  that  of  the  nervous  system  every  source  of  information 
should  be  brought  under  contribution,  no  matter  how  small  the 
harvest  to  be  reaped.  At  present,  owing  to  the  discovery  of 
Hitzig,  the  nervous  system  seems  to  be  passing  through  a  phase 
in  its  existence,  of  which  there  are  many  instances  to  be  found 
in  the  history  of  physiology,  where  attention  has  been  suddenly 
directed  to  some  organ,  which  as  a  consequence  is  experimented 
upon  in  every  way  that  the  ingenuity  of  man  can  devise. 
Whether  this  is  to  be  followed  by  a  period  of  comparative 
neglect,  time  will  only  show;  but  if  we  look  at  mind  and  matter, 
there  is  nothing  more  remarkable  than  the  reaction  which  char- 
acterises both.  We  see  it  in  the  pendulum  which,  obedient  to 
the  law  of  gravitation,  returns  to  its  centre,  but,  as  it  does  so, 
swings  to  the  other  side.  And  so  it  is  with  a  change  of  opinion 
in  men ;  once  aroused  they  are  prone  to  pass  from  one  extreme 
to  the  opposite,  and  allow  themselves  to  be  carried  by  the  recoil 
beyond  the  middle  line.  In  the  history  of  the  nervous  system 
we  seem  to  have  reached  a  like  period.  The  excitability  of  the 
brain  is  now  in  the  ascendent,  let  us  watch  carefully  that  we  are 
not  carried  by  the  reaction  beyond  the  limits  which  facts 
warrant. 
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The  situation  of  the  temporo-sphenoidal  region  of  the  brain  is 
roughly  indicated  by  its  name,  and  corresponds  in  the  skull 
externally  to  the  locality  of  the  temporal  and  part  of  the 
sphenoid  bones.  It  consists  of  three  convolutions,— the  superior, 
middle,  and  inferior  temporo-sphenoidal  convolutions, — lying 
parallel  with  and  below  the  great  fissure  of  Sylvius. 

In  this  part  of  the  brain,  according  to  Ferrier,  we  have  in 
monkeys  localised  centres  of  special  sensation,  chiefly  of  hearing 
and  smeU.  It  has  not  been  ascertained  that  lesions  in  this  situa- 
tion cause  any  motor  paralysis. 

The  cases  forming  the  subject  of  this  paper  are  examples  of 
circumscribed  disease  of  this  portion  of  the  brain.  The  morbid 
anatomy  of  the  one  differs  from  that  of  the  other,  but  the  locality 
of  the  lesion  being  nearly  identical,  the  two  cases  may  not  in- 
appropriately be  viewed  together. 

Before  entering  on  their  morbid  anatomy,  more  particularly 
that  of  Case  II.,  a  consideration  of  which  will  form  the  principal 
part  of  the  paper,  it  may  be  well  to  give  a  brief  record  of  the 
symptoms  observed  in  both.  Case  I.  was  that  of  a  somewhat 
delicate  lad  of  fifteen,  who,  five  years  before  his  death,  received  a 
blow  on  the  head  from  a  schoolmaster.  This  was  followed  by 
haemorrhage  from  the  right  aural  meatus,  and  subsequent 
otorrhcea,  which  continued  up  to  the  period  of  his  death.  His 
last  illness  continued  six  days.  The  symptoms  observed  during 
life  were  entirely  of  a  negative  nature  as  regards  the  abolition 
or  disturbance  of  brain  function.  The  lad's  intelligence  was  un- 
impaired untQ  shortly  before  his  death.  The  leading  symptom  was 
intense  headache  referred  to  the  vertex,  and  a  certain  degree  of 
photophobia.  There  was  no  paralysis  of  sensation  or  motion, 
or  any  affection  of  cutaneous  sensibility.  Death  took  place 
suddenly.  On  post  mortem  examination  the  posterior  three- 
fourths  of  the  right  temporo-sphenoidal  lobe  of  the  brain  was 
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converted  into  a  large  diphtheritic-looking  abscess,  with  grayish 
green  sloughy  walls.  This  portion  of  the  brain  was  destroyed 
throughout  its  entire  depth.  Some  small  haemorrhages  were 
observed  at  the  circumference  of  the  abscess.  After  washing 
out  the  pus  from  the  cavity,  its  walls  looked  like  a  gangrenous 
slough.  The  other  parts  of  the  brain  were  comparatively  healthy. 
This  case  was  diagnosed  during  life  to  be  a  cerebral  abscess. 

Case  II.,  the  leading  symptoms  of  which  I  shall  now  relate,  was 
not  diagnosed  as  a  case  of  organic  cerebral  disease  at  all.  It  was 
throughout  an  extremely  obscure  one,  and  although  I  had  the 
benefit  of  the  opinion  of  Professor  Sanders,  we  could  not  arrive 
at  any  decided  conclusion.  On  the  whole.  Professor  Sanders 
agreed  with  me  in  thinking  that  the  seizures  to  which  the  boy 
was  subject  might  be  of  an  epiliptiform  nature,  but  even  this 
was  difficult  to  decide,  because  neither  he  nor  I,  unfortunately, 
ever  had  the  opportunity  of  witnessing  any  of  them.  The  boy  was 
nine  years  of  age,  and  was  otherwise  healthy.  He  was  more 
than  usually  intelligent,  and  always  occupied  a  high  place  in  his 
class  at  school.  The  only  symptoms  which  this  boy  presented 
were  the  seizures  already  referred  to.  These  occurred  at  very 
irregular  intervals  up  to  the  date  of  his  death,  sometimes  several 
in  a  week,  and  often  two  or  three  weeks  elapsing  without  their 
recurrence.  From  the  description  of  the  mother  I  give  the 
symptoms.  The  attacks  were  of  a  very  transitory  nature, 
only  lasting  about  a  minute.  They  were  generally  character- 
ised by  a  vacant  and  unnatural  look,  accompanied  by  slight 
incoherence  of  speech,  the  patient  skulking  into  a  comer  of 
the  room,  as  if  afraid  of  something.  After  the  attacks  had 
passed  off,  the  patient  said  he  did  not  feel  anything  tbe 
matter.  As  the  seizures  were  not  characterised  by  exactly 
the  same  symptoms  on  all  occasions,  I  mention  two  which 
were  peculiar.  One  morning,  while  the  nurse  was  dressing 
him,  and  his  hair  was  being  brushed,  he  suddenly  sank  down 
in  a  crouching  manner  on  the  floor,  and  crawled  underneath  the 
bed, — ^his  parents  believed,  to  get  into  the  dark,  for  he  seemed  to 
avoid  the  light.  On  another  occasion  he  was  walking  with  his 
father  in  a  level  street  in  the  New  Town,  when  he  suddenly 
remarked  that  the  street  was  too  steep,  became  confused  for  a 
few  seconds,  and  then  regained  his  natural  manner.    During 
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most  of  the  seizures  it  was  noticed  that  he  put  up  his  hand  to 
his  forehead  or  over  his  eyes,  as  if  he  wished  to  exclude  light,  or 
felt  pain  in  the  head.  Such  are  the  leading  facts  of  the  case. 
In  other  respects  the  boy  enjoyed  excellent  health,  and  was 
active  and  intelligent.  All  the  oigans,  including  the  kidneys, 
yielded,  upcm  examination,  negative  results  as  regards  disease. 
There  was  no  paralysis,  anaesthesia,  hypersesthesia,  or  any  other 
nervous  symptom,  although  these  were  anxiously  and  repeatedly 
looked  for.  The  special  senses  were  apparently  intact.  I  regret 
having  omitted  to  examine  the  eyes  ophthalmoscopically.  Had 
this  been  done,  and  any  degree  of  optic  neuritis  or  other  retinal 
lesion  discovered,  it  might  have  given  a  key  to  the  case,  which 
was  otherwise  very  obscure,  and  the  diagnosis  of  which,  up  to 
the  time  of  the  patient's  death,  was  quite  undecided. 

The  boy's  illness  from  the  first  onset  of  these  symptoms  lasted 
about  four  months.  Death  occurred  somewhat  suddenly.  After 
passing  a  restless  night,  he  had  a  rigor,  which  was  succeeded  by  a 
rise  of  temperature  to  101*8.  He  became  somnolent  about  an 
hour  before  death,  which  took  place  twelve  hours  after  the 
supervention  of  the  rigor.  The  post  mortem  examination  was 
made  twenty  hours  after  death  by  Mr  Hamilton.  Professor 
Sanders  was  also  present.  The  body  was  well  nourished,  and 
presented  no  abnormal  appearance  externally.  The  head  alone 
was  examined  The  calvaria  on  removal  presented  unusually 
well-marked  impressiones  digitatse,  in  the  concavities  of  which  the 
bone,  by  transmitted  light,  appeared  thinner  than  natural  On 
reflecting  the  membranes,  no  xmnatural  appearance  was  observed. 
The  brain  was  then  removed  en  masse  for  further  examination. 
The  only  abnormality  which  now  appeared  was  situated  in  the  left 
temporo-sphenoidal  lobe,  which  presented  the  following  characters. 

It  appeared  more  prominent  than  usual,  especially  towards  its 
lower  part,  in  the  situation  of  the  middle  temporal  convolution, 
and  was  slightly  paler  than  the  surrounding  brain  substance. 
On  grasping  it  in  the  hand  it  felt  of  harder  consistence  than 
normally,  in  some  places  almost  like  that  of  cartilage.  There 
was  no  distinct  projecting  and  isolated  tumour,  but  the  borders 
of  the  indurated  mass  insensibly  passed  into  the  surrounding 
healthy  brain  tissue.  The  appearances  were  more  like  those  of 
an  infiltration  of  some  new  material  into  the  brain  substance, 
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spreaxiing  diffusely  throughout  it,  without  destroying  the  outline 
of  the  convolutions.  It  would  have  been  called  a  "  sclerosis  "  by 
certain  pathologists,  but  as  this  term  is  used  so  indiscriminately 
I  have  purposely  avoided  it. 

The  whole  temporo-sphenoidal  lobe  seemed  to  be  more  or  less 
involved,  but  the  middle  third  of  the  second  temporal  convolu- 
tion was  the  chief  seat  of  the  lesion.  On  cutting  horizontally 
thi'ough  it,  no  line  of  demarcation  of  the  grey  from  the  white 
substance  could  be  noticed,  apparently  from  the  absence  of  the 
former.  This  was  most  evident  at  the  point  where  the  indura- 
tion was  best  developed. 

The  consistence  of  the  indurated  part  was  tough  and  somewhat 
gelatinous,  while  in  certain  places  it  reminded  one  of  hyaline 
cartilage.  It  did  not,  however,  appear  to  be  myxomatous.  The 
induration  was  most  marked  in  the  grey  matter,  but  extended 
for  about  half  an  inch  to  an  inch  into  the  white.  The  edges  of 
the  section  were  clean  cut,  and,  unlike  brain  substance,  retained 
their  sharpness,  even  after  having  been  somewhat  roughly 
handled  in  manipulating  the  brain.  The  boundaries  of  the 
tumour  could  be  much  better  felt  than  seen,  the  absence  of  in- 
duration indicating  where  the  natural  brain  tissue  commenced. 

The  colour  of  the  tumour  was  greyish-pink,  with  an  almost 
pearl-like  lustre  at  the  edges. 

The  parts  were  hardened  in  the  method  recommended  by  me 
(this  JourTholy  vol.  xii.),  in  which  potassium  and  ammonium 
bichromates  are  the  chief  media.  They  were  afterwards  cut  in 
the  freezing  microtome.  Some  of  the  sections  were  stained  in 
picro-carmine  and  mounted  in  Farrant's  solution ;  and,  examined 
in  this  way  with  a  magnifying  power  of  300  diams.,  the  whole 
cortex  was  seen  to  be  infiltrated  with  what  looked  like  small, 
round,  or  somewhat  irregularly  shaped,  sarcomatous  cells  (fig.  2). 
These  had  large  nuclei,  and  some  of  them  possessed  several,  and 
seemed  to  be  actively  proliferating.  Occasionally,  when  a  cell 
became  isolated,  as  at  the  mai'gin  of  the  section,  one  or  two 
delicate  processes  might  be  seen  radiating  from  the  ceU  body. 
The  intermediate  substance  in  which  these  ceUs  were  implanted 
looked  as  if  composed  of  finely  granular  matter  having  an  amor- 
phous character.  A  nerve  cell  or  fibre  could  sometimes  be  seen, 
laut  they  were  comparatively  rare,  the  greater  number  of  them 
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having  apparently  undergone  atrophy  from  the  pressure  of  the 
cellular  growth  between  them.  Blood-vessels  were  abundant, 
and  in  no  part  had  any  fatty  degeneration  as  yet  occurred. 
Every  feature  showed  the  tumour  to  be  actively  growing  and  in 
an  embryonic  condition. 

Such  a  description  corresponds  with  that  originally  given  by 
Virchow  {Die  krarMiaften  Geschvmlste),  of  what  he  called  glioma- 
tous  or  neuro-gUomatous  tumours,  a  class  of  new  formations 
which  he  tabulated  as  being  closely  related  to  the  round  cell 
sarcomata.  In  later  times  they  have  been  universally  included 
under  the  class  sarcomata,  irrespective  of  their  origin  from  the 
brain,  spinal  cord,  or  retina.  They  are  now  usually  described  as 
round  ceU  sarcomata,  and  when  examined  by  the  ordinary 
methods,  their  histological  features  certainly  warrant  such  a 
designation.  We  shall,  however,  see  that  this  tumour,  which 
I  have  described  as  like  a  round  cell  sarcoma,  proved  to  have  a 
totally  different  structure  when  examined  with  other  methods  of 
preparation.  We  have  stated  that  the  first  sections  taken  from 
the  tumour  were  mounted  in  Farrant's  solution,  a  fluid  having 
much  the  same  properties  as  glycerine,  and  that  the  structure 
brought  out  by  this  means  was  that  of  a  round  cell  sarcoma. 
Some  others  were  sttdned  in  carmine,  and  were  then  entirely 
darified  in  oil  of  cloves  and  mounted  in  solution  of  gum  damar, 
but  still  presented  the  structure  of  a  round  cell  sarcoma,  with 
an  amorphous  basis  substance. 

Another  method  was,  however,  adopted,  which  revealed  ap- 
pearances previously  unsuspected.  It  consisted  in  rendering 
the  section  half  transparent  in  oil  of  cloves,  and  then  preserving 
it  while  in  this  state  in  solution  of  gum  damar.  The  method  is 
excellent  for  bringing  into  view  the  structure  of  a  dense  tissue 
such  as  the  cerebral  cortex. 

When  examined  in  this  way  as  great  a  change  was  noticed  in 
the  histological  appearances  as  in  a  cornea,  before  and  after 
staining  with  silver  or  gold.  The  cells,  which  formerly  appeared 
like  those  of  a  round-cell  sarcoma,  were  now  observed  to  be 
most  extensively  branched,  constituting  a  close-meshed  network 
by  the  intertwining  and  anastomosis  of  their  processes.  From 
some  cells  as  many  as  thirty  to  forty  processes  were  seen  to 
come  off,  which,  after  running  for  a  short  distance,  either  ended 
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in  free  extremities  or  joined  with  those  from  other  cells.  When 
a  very  thin  piece  of  the  tumour  was  examined  with  a  magnifying 
power  of  450  diams.,  the  true  structure  of  the  intermediate 
apparently  granular  substance  became  apparent.  It  was  entirely 
composed  of  the  processes  which  radiated  from  the  edges  of  the 
cells,  and  the  granular  appearance  previously  referred  to  was 
found  to  be  due  to  these  seen  in  optical  section.  I  could  not 
detect  any  granular  matter  in  places  where  the  section  was  thin 
enough  to  show  a  single  layer  of  cell  elements,  and  believe  that 
it  was  merely  an  optical  effect  of  the  density  of  the  plexus  of 
cell  processes. 

The  cells  of  the  tumour  were  now  seen  to  have  an  entirely 
dififerent  character  from  that  formerly  observed.  They  proved 
to  be  delicate  protoplasmic  masses  (fig.  1),  varying  in  shape,  the 
commonest  being  like  the  "  Spinne  ZeU  "  of  German  authors.  In 
such  cases  what  would  correspond  to  the  sphsero-gastric  body  of 
the  animal,  generally  represented  a  large  nucleus  (fig.  1,&.)  separat- 
ing from  the  parent  cell.  Others,  however,  were  round  or  flat- 
tened, with  long  peninsula-like  offshoots  running  from  them, 
and  in  their  transformations  much  resembled  the  protean  foiins 
of  an  amoeba.  The  nuclei  subsequently  became  detached  f 
(fig.  1,  c),  and  for  some  time  remained  as  round  or  oval  cells, 
but  subsequently  developed  processes  like  the  parent  cell  from 
which  they  originated.  Within  most  of  the  cells  beautiful 
intranuclear  and  intracellular  protoplasmic  plexuses,  as  de* 
scribed  by  Heitzmann,  Fleming,  and  Klein,  could  be  detected, 
and  it  seemed  as  if  the  multiform  transformations  in  the  shape  of 
the  cells  were  produced  by  their  contraction.  The  intracellular 
plexus  frequently  extended  for  some  distance  into  the  cell  pro- 
cesses. The  whole  cell  body,  nuclei,  and  processes  seemed  to 
have  an  eminently  protoplasmic  character,  no  part  as  yet  having 
become  converted  into  a  "  formed  "  material 

Capillary  vessels  ran  abundantly  throughout  the  tumour,  and 
the  cell  processes  formed  a  dense  plexus  around  them.  As  by 
the  former  methods  of  preparation,  so  by  this,  fatty  or  other 
degenerative  changes  were  not  noticed  in  any  part. 

The  cells  of  this  timiour  closely  resembled  the  connective 
tissue  corpuscles  naturally  found  in  the  supporting  connective 
tissue  of  the  nerve  centres.    They  were  figured  several  years 
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ago  by  EindfleiBch  {Lehrhach  der  pathologischen  Oeioebelehre),  as 
occurring  in  the  spinal  cord  in  locomotor  ataxia,  and  have  been 
more  recently  shown  by  Krause  {Handbuch  der  MenscJdichen 
Anatonde)  to  be  present  in  the  connective  fibrous  tissue  of  the 
normal  brain  and  spinal  cord.  In  the  spinal  cord  they  lie  be- 
tween the  nerve-tubes,  and  constitute  part  of  their  wall. 
Previous  to  the  examination  of  this  tumour  I  had  occasionally 
seen  them  in  the  normal  brain,  every  here  and  there,  in  sections 
of  the  cortex,  but  never  in  anything  like  the  abundance  noticed 
in  this  tumour. 

There  seems  little  doubt  that  the  cells  just  described  were 
directly  derived  from  these  by  a  process  of  nuclear  prolifera- 
tion, and  that  the  tumour  in  all  respects  was  of  a  connective 
tissue  type,  and  corresponded  with  the  gliomatous  sarcoma 
originally  described  by  Virchow  Qoc,  dt).  The  structure  re- 
vealed by  this  method  of  preparation  is  however  diflferent,  so 
far  as  we  are  aware,  from  anything  that  has  ever  been  fully 
demonstrated  in  such  tumours,  and  seems  to  throw  some  light 
upon  the  probable  structure  of  the  normal  neuroglia. 

Such  is  the  description  of  the  morbid  anatomy  of  the  brain  in 
this  case,  which  I  think  it  will  be  admitted  is  of  considerable 
interest.  Before  concluding,  it  may  be  asked,  what  is  the  value 
of  such  cases  from  a  clinical  point  of  view,  and  in  relation  to  the 
functions  of  this  portion  of  the  brain  as  at  present  believed  in  by 
physiologists?  The  latency  of  organic  cerebral  disease,  even 
where  large  portions  of  brain  substance  are  involved,  is  one  of 
the  best  ascertained  facts  in  human  pathology,  and  at  the  same 
time  one  which  involves  some  of  the  most  puzzling  and  mys- 
terious problems  which  physicians  and  physiologists  are  jointly 
called  upon  to  solve.  Thanks  to  the  laborious  investigations  of 
Goltz  and  Hitzig,  Charcot  and  Pitres,  Ferrier,  and  others,  as 
carried  on  by  the  joint  methods  of  physiological  experiment  and 
clinical  and  pathological  observation — ^methods  which  must  go 
hand  in  hand  if  science  in  this  department  is  to  advance — much 
light  is  being  thrown  upon  the  functions  of  various  parts  of  the 
brain.  Already  the  battle  is  going  on  between  localisation  and 
generalisation  in  brain  function.  At  present  those  observers 
who  believe  in  localisation  are  not  by  any  means  at  one  in 
their  opinions.      Thus,  Ferrier's  views  are  assailed  on  many 
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points  by  Brown  Sequard,  and  by  Munck,  and  it  is  evident  that 
we  must  patiently  wait  yet  longer  before  arriving  at  definite 
conclusions.  The  portions  of  the  brain  destroyed  in  the  cases 
narrated  are  credited  with  being  the  great  centres  of  special 
sensation,  more  especially  of  hearing,  yet  by  ordinary  tests  these 
functions  were  quite  unimpaired.  To  account  for  absence  of  loss 
of  special  sense  in  such  cases  as  these,  we  must  either  abandon  the 
idea  of  localisation  in  brain  disease,  or  explain  the  clinical  facts 
by  the  bilateral  representation  of  function  in  the  hemispheres. 
Ferrier  admits  the  probable  partial  correctness  of  this  latter  hypo- 
thesis in  explaining  cases  of  a  slowly  progressive  character,  and 
says,  "but  that  there  is  no  impairment  at  all  of  sensory  perception 
or  discrimination  in  sudden  unilateral  lesions,  or  even  in  chronic  ^ 

lesions,  is  a  fact  which  I  do  not  admit  as  proved ;  and  I  adopt 
the  alternative  supposition,  that  the  latency  has  been  in  the 
observation  rather  than  in  symptoms," — a  poor  compliment  to 
the  ordinary  unaided  senses  of  the  clinical  physician.  Again, 
Ferrier  admits  generally  that  many  facts  which  he  himself  has 
noted  in  his  Gulstonian  lectures,  show,  to  use  his  own  words,  an 
"  apparently  irreconcilable  discrepancy  between  human  pathology 
and  experimental  physiology,"  so  that  we  are  only  yet  on  the  ^ 

threshold,  as  regards  definite  results,  of  these  inquiries.  No 
department  of  medical  science,  however,  has  a  more  able  band 
of  workers  than  this,  and  it  cannot  be  doubted  that  ere  long 
many  dark  problems  will  be  worked  out,  and  hitherto  irrecon- 
cilable facts  explained.  u 

I  therefore  record  these  two  examples  of  localised  cerebral  lesion 
as  an  addition  to  the  already  large  number  of  similar  ones  which 
have  been  published  of  late  years,  in  the  hope  that  their  further  ^ 

accumulation  may  assist  those  who  are  striving  to  work  out  many 
obscure  points  in  the  physiology  and  pathology  of  the  brain. 


Explanation  op  Plate  X. 

Fig.  1.  Section  of  the  tumour  half  clarified  in  oil  of  cloves  and  gum 
daniar  (  x  450  diani.): — a,  a  capillary  blood-'vessel;  b,  one  of  the  cells 
proliferating ;  c,  a  separated  nucleus. 

Fig.  2.  Appearance  of  same  section  examined  in  Farrant's  Solution. 
The  branched  condition  of  the  cells  not  visible,  and  the  intermediate 
substance  finely  granular  ( x  300  diam.). 
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TWO  CASES  OF  STEIATED  MYO-SARCOMA  OF  THE 
KIDNEY.  By  William  Oslek,  M.D.,  M.E.C.PX.,  Professor 
of  the  Institutes  of  Medicine,  M^OUl  University,  Montreal. 

Tumours  containing  striped  muscle  fibres  {Myoma  strio-cellidare 
of  Virchow;  Rhabdomyoma  of  Zenker)  are  oncological  curiosities. 
Between  twenty  and  thirty  cases  are  on  record,  the  majority 
of  which  have  been  found  in  connection  with  the  testicles  or 
ovaries.  Eberth^  first  described  a  tumour  of  this  nature  in 
the  kidney  in  1872,  Cohnheim^  a  second  in  1876,  since  which 
date  four  other  cases  have  been  recorded  by  Marchand,^  Lands- 
berger,*  Kocher  and  Langhans,^  and  Huber.® 

All  the  cases  occurred  in  children  from  7  to  .39  months  old. 
The  tumours  were  large,  the  weights  ranging  from  587  to  5500 
grammes.  In  one  instance  both  organs  were  affected.  In  two 
there  were  secondary  masses  in  the  liver,  in  one  of  which 
muscle  fibres  were  found.  All  of  the  tumours  correspond  very 
closely  in  histological  characters,  being  composed  of  a  sarcomatous 
basis  of  round  cells,  traversed  by  bands  of  firmer,  fleshy  tissue, 
in  which  the  muscle  fibres  occurred. 

The  following  cases  have  come  under  my  observation  in  the 
past  two  years : — 

Case  I. — Striated  Myo-Sarcoma  of  left  kidney.    Death  with 

ga^stro-intestirud  symptoms. 

George  H.,  aged  19  months,  patient  of  Dr  Dugdale.  Had 
been  a  healthy  child.  On  March  23d,  1878,  he  was  vaccinated 
in  the  morning,  after  which  he  appeared  in  his  usual  health. 
At  two  o'clock  P.M.,  he  began  to  vomit  and  have  severe  gastro- 
intestinal symptoms.  They  yielded  to  treatment,  but  the  child 
sank  and  died  at  two  o'clock  the  same  evening.  At  the  autopsy 
on  the  following  day  nothing  unusual  was  found  except  a  tumour 

1  Virchtm'8  Archiv,  Bd.  Iv.  •  Ibid,  Bd.  Ixv. 

» IMd,  Bd.  Ixxiii.  *  Berlimr  Klin,  Wocheruchrift,  1877. 

*  Deutsche  Zeitschr.  f.  Chir.  Bd.  ix. 

®  Huber,  Deuisehes  Archiv.  f.  Klin  Medecin,  Bd.  xxiii.  1878. 
VOL.  XIV.  Q 
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of  the  left  kidney,  which  was  removed  and  sent  to  me  for  exa- 
mination. 

Oigan  is  enlarged  and  has  the  shape  of  a  blunt  pyramid,  the 
convex  border  projecting,  the  inner  surface,  with  the  hilus,  pre- 
senting a  tolerably  straight  Une,  extreme  length  over  outer  border, 
from  one  end  to  the  other,  16  centimetres.  The  capsule  is  thin, 
detaches  easily,  and  a  large  white  mass  can  be  seen  through 
the  thin  layer  of  cortex  on  the  convex  border.  On  section,  the 
central  part  of  the  organ  is  occupied  by  a  tumour  measuring 
about  7  centimetres  in  each  direction,  broadest  at  the  pelvis 
with  which  it  is  in  contact,  and  gradually  narrowing  towards  the' 
outer  border,  where  it  is  separated  from  the  capsule  by  a  layer 
of  kidney  substance  2  to  3  m.  in  thickness.  At  the  upper 
and  lower  ends  of  the  organ  the  cortex  and  cones  are  stiU  to  be 
seen  though  somewhat  diminished  in  volume.  In  its  growth 
the  tumour  has  expanded  the  renal  substance  in  such  a  way 
that  a  progressively  diminishing  layer  covers  it  from  the  ends 
towards  the  centre.  The  mass  is  not  encapsulated,  but  at  the 
margins  can  be  seen  penetrating  the  kidney  tissue,  strands  of 
which  separate  the  advancing  portions.  The  cut  surface  of  the 
tumour  is  greyish-white,  and  has  a  porous  spongy  appearance, 
from  the  presence  of  small  irregular  spaces.  Bands  of  translucent- 
looking  tissue  pass  in  all  directions,  crossing  each  other  and 
dividing  the  substance  into  areas  which  are  occupied  by  a  soft 
granular  substance.  Some  of  the  strands  passing  from  the  deeper 
parts  are  2  m.  in  thickness.  The  pelvis  and  calyces  are  some- 
what compressed;  the  ureter  opens  directly  below  the  centre 
of  the  mass,  artery  and  vein  normal 

Case  II. — Striated  Myo-Sarcoma  of  left  kidney.  Sudden  death 
from  blocking  of  puIiTumary  artery  and  tricuspid  orifice 
with  mrcomatous  thrombi  dislodged  from  renal  vein, 

C.  S.,  female  child,  aged  3^  years,  patient  of  Dr  Finnie's. 
Had  been  ailing  for  about  six  weeks  with  gastric  and  intestinal 
symptoms,  occasional  vomiting,  and  obstinate  constipation. 
Slight  pain  in  abdomen,  and  on  inspection  a  tumour  was  dis- 
covered in  left  hypochondriac  region,  just  below  the  cartilage 
of  the  8th  rib.  It  was  soft  and  apparently  fluctuated.  Child 
had  not  been  confined  to  bed.     On  getting  up  one  morning  and 
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walking  towards  her  mother's  bed,  she  was  suddenly  seized  with 
a  ''  choking  fit/'  and  died  in  a  few  moments. 

Autopsy. — Body  well  nourished.  On  opening  abdomen  a 
tumour  is  seen  on  the  left  side,  covered  by  peritoneum  and 
descending  colon  and  occupying  the  position  of  the  left  kidney. 
Spleen  is  pushed  up,  and  the  end  of  the  tumour  projects  beneath 
the  costal  border  in  the  axillary  line ;  this  superficial  portion  is 
quite  soft,  and  apparently  fluctuates.  Tumour  had  no  attach- 
ments, and  peeled  out  readily ;  numerous  veins  course  over  it 
in  front.  It  is  ovoid  in  shape,  large  and  rounded  below,  pointed 
above  where  it  ia  capped  by  the  adrenal.  Anterior  and  upper 
surfaces  dark  and  hsemorrhagic-looking ;  on  the  under  surface 
there  is  natural-looking  kidney  substance  for  2-3  centimetres 
about  the  hUus.  Bmal  artery  naturaL  Renal  vein  of  large  size, 
and  when  slit  open,  soft  pulpy  matter  is  seen  oozing  from  the 
organ  into  it.  The  wall  is  rough,  irregular,  and  covered  with 
bits  of  soft  greyish  tissue.  Ureter  is  pervious,  not  dilated; 
pelvis  small;  calyces  at  each  end  compressed.  On  section 
through  the  long  axis  of  the  tumour  it  presents  the  appearance 
F^  of  a  soft  rapidly-growing  neoplasm.    Above  and  in  front,  the 

tissue  just  within  the  capsule  is  deeply  infiltrated  with  blood, 
and  in  places  occupied  by  clots  ;  the  greater  part  of  the  exposed 
surface  is  made  up  of  greyish-white,  soft,  cerebriform  material. 
At  the  upper  part  two  pyramids  of  kidney  substance  are  sur- 
rounded by  the  new  growth ;  the  remnants  of  the  organ  at  the 
under  and  lower  surfaces  are  not  seen  on  this  section.  Tumour 
measures  15  centimetres  in  length  by  7'5  in  breadth,  and  is 
about  the  size  of  a  cocoa-nut. 

Heart  of  normal  size;  right  auricle  contains  much  blood. 
Lodged  in  the  auriculo- ventricular  orifice  is  a  finn  greyish-white 
mass,  25  m.  long  12  m.  broad,  not  adherent,  and  without  any 
fibrinous  flakes  upon  it.  Right  ventricle  contains  dark  clotted 
blood ;  in  orifice  of  pulmonaiy  artery  there  is  another  firm 
greyish- white  mass  about  the  size  of  a  hazel  nut,,  and  beyond  it 
in  the  right  branch  are  two  or  three  smaller  bits  of  the  same 
character. 

Lwngs  somewhat  congested  at  bases ;  no  secondary  masses. 

Histological  examination, — Case  I.  Tumour  is  made  up  of  a 
soft  greyish-white  substance  enclosed  in  irregular  spaces  formed 
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by  bands  of  firmer  tissue  which  pass  in  various  directions 
through  the  mass.  The  former  is  composed  of  round  cells  about 
the  size  of  colourless  blood  corpuscles ;  protoplasm  finely  granu- 
lar, and  with  a  single  large  nucleus.  Some  of  the  ceUs  are  a 
little  irregular  in  outline,  and  in  teased  bits  from  the  peripheral 
portions  renal  epithelium  is  occasionally  seen.  A  scraping 
from  the  tumour  or  bits  picked  out  from  the  interspaces  consist 
entirely  of  the  round  cells,  and  the  same  are  seen  in  sections 
closely  packed  together  without  any  apparent  intercellular 
substance. 

The  strands  of  firmer  tissue  consist  of  (1.)  elongated  spindle 
cells,  the  majority  of  which  have  prolonged  extremities ;  others 
are  flatter  without  the  long  processes  and  bear  a  strong  re- 
semblance to  unstriped  muscle  fibres.  They  are  either  closely 
arranged  together  or  are  separated  by  a  delicate  wavy  fibrillar 
tissue,  which  in  places  makes  up  the  chief  part  of  the  bands. 
The  cells  possess  a  single  elongated  nucleus.  They  are  from 
0*0625— 0*1  HL  in  length.  (2.)  Striped  muscle  fibres,  occur- 
ring in  variable  numbers  among  the  spindle  ceUs  and  fibrous 
tissue  of  the  septa,  usually  in  bundles  of  20  to  40;  more 
rarely  isolated  fibres  are  met  with.  They  do  not  often  cross 
each  other  but  keep  parallel.  When  isolated  they  form  flattened 
band-like  fibres,  ranging  from  0*0625  — 0*375  m.  in  length,  and 
from  0*0075  — 0*01  m.  in  breadth.  The  majority  of .  them  are 
not  more  than  00075 m.  broad,  while  some  of  the  less  perfect 
fibres  are  narrower,  0*003  — 0*004  m.  Most  of  the  fibres  have 
the  same  diameter  throughout,  others  are  larger  at  the  centre 
and  taper  towards  the  ends,  which  are  either  square-cut  or 
obtuse,  less  frequently  pointed.  The  prominent  feature  is  the 
distinct  transverse  striation,  the  substance  of  each  fibre  pre- 
senting cross  lines,  which  are  seen  to  be  due  to  alternate  light 
and  dark  areas  in  the  tissue,  the  latter  being  the  broadest  In 
large  well  formed  fibres  the  striation  is  as  distinct  as  in  ordinary 
muscle ;  indeed,  I  have  rarely  seen  in  any  specimen  the  "  sarcous 
elements"  so  well  marked.  The  majority  of  the  fibres  are 
nucleated ;  in  some  long  ones  three  or  four  nuclei  are  arranged 
one  after  the  other,  and  are  connected  together  by  a  granular 
protoplasm.  Scarcely  any  of  the  cells  are  striated  in  all  parts ; 
the  nucleus  and  a  central  extension  remain  free,  and  the  stria- 
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tion  is  confined  to  the  outer  borders.  In  wide  fibres  a  longitu- 
dinal striation  can  be  seen,  but  a  separation  into  distinct  fibrillsB 
was  not  met  with.  The  nucleus  is  central,  usually  oval  in 
shape,  and  a  nucleolus  is  sometimes  visible.  So  far  as  could  be 
ascertained  the  fibres  do  not  possess  sarcolemma.  Many  cells 
were  partially  striated;  sometimes  a  long  band-like  fibre  had 
two  nuclei ;  one  end  was  distinctly  striped,  the  other  had  the 
appearance  of  a  smooth  muscle  fibre.  Sometimes  a  fibre  cell 
was  seen  with  a  small  part  of  the  protoplasm  striated.  A 
peculiar  form  of  cell  was  club-shaped  with  a  large  nucleus  and 
very  plain  strisB ;  others  of  the  same  shape  were  not  striated,  or 
had  very  faint  transverse  bars  near  the  nucleus.  In  some  places 
^  groups  of  flattened  non-striated  fibres  were   met  with,  which 

resembled  closely  involuntary  muscle  fibres.  These  appear  to 
be  intermediate  forms  between  the  fusiform  cells,  the  smooth 
band-like  fibres,  and  the  fully-developed  striated  ones. 

Case  II.  Tumour  is  made  up  of  soft  greyish  substance,  which 
consists  chiefly  of  round  cells  a  little  larger  than  colourless 
blood  corpuscles,  and  with  single  large  nucleL  They  are  closely 
packed  together  with  very  little  intervening  tissue,  and  do  not 
present  an  alveolar  arrangement.  Bundles  of  fusiform  cells  and 
connective  tissue  fibres  pass  through  the  structure  in  various 
directions,  but  do  not  form  such  definite  bands  as  in  the  pre- 
vious specimen.  The  fibre  cells  are  elongated  and  have  large 
oval  nuclei.  Some  form  flattened  bands  like  smooth  muscle 
fibres.  Scattered  sunong  these  elements  in  variable  nuihbers  are 
striated  muscle  fibres  resembling  those  described  in  Case  I. 
They  are  not,  however,  nearly  so  abundant,  but  in  almost  every 
^  specimen  taken  some  examples  were  met  with.    In  the  mass 

•  which  had  lodged  in  the  right  auriculo-ventricular  orifice  they 

were  very  plentiful.  They  present  similar  characters  to  those 
above  described;  flattened,  nucleated  cells,  with  transverse 
striation.  In  some  the  striae  are  scarcely  visible,  in  others  only 
part  of  the  protoplasm  is  striated.  In  this  specimen  the  fibres 
did  not  form  such  large  bundles,  nor  were  they  so  long. 
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THE  SEQUENCE  AND  DUEATION  OF  THE  CAEDIAC 
MOVEMENTS.  By  George  A.  Gibson,  M.B.,  D.Sc.  Edin. 
(Plate  XI.) 

Further  observations  on  the  case  of  prestemal  fissure,  described 
by  Dr  Malet  and  myself  in  the  last  number  of  this  Journal, 
have  entirely  confirmed  the  views  then  expressed,  and  have  at 
the  same  time  brought  some  interesting  facts  to  light. 

The  proximity  of  the  base  of  the  heart  to  the  surface,  allow- 
ing, as  it  does,  such  a  careful  comparison  of  sounds  and  move- 
ments through  the  fissure,  aflFords  a  favourable  opportunity  for 
analysing  the  sequence  and  measuring  the  duration  of  events  in 
the  cardiac  cycle.  By  means  of  a  direct  cardiograph,  a  low- 
pitched  tuning-fork,  and  a  rapidly  revolving  cylinder,  tracings 
resembling  those  already  published  in  every  respect  have  been 
obtained.     In  this  paper  a  study  of  these  tracings  is  proposed. 

Unfortunately  the  only  method  of  combining  rapid  revolu-  A 

tions  of  the  cylinder  with  the  registration  of  tuning-fork  vibra- 
tions is  the  use  of  smoked  paper,  so  that  a  continuous  tracing  of 
greater  length  than  the  circumference  of  the  cylinder  cannot  be 
taken.  In  the  two  tracings  figured  on  Plate  XI.  the  vibrations 
of  the  tuning-fork,  of  which  each  complete  excursion  occupies 
the  one-hundredth  of  a  second  (-01  sec),  are  recorded  below  the 
waves  traced  by  the  lever  of  the  cardiograph.  The  impulse 
caused  by  auricular  systole  is  taken  as  the  st-arting-point,  through 
which  is  drawn  an  arc  of  a  circle  parallel  to  and  with  the  same 
radius  as  the  arc  described  by  the  lever  of  the  cardiograph 
before  the  commencement  of  cylinder  rotation.  Similar  parallel 
arcs  are  drawn  through  the  successive  impulse  waves,  and  each, 
at  its  intersection  with  the  tuning-fork  curve,  marks  off  the 
fraction  of  a  second  occupied  by  the  corresponding  cardiac 
phase. 

Before  taking  up  the  tracings,  a  brief  retrospect  may  be  cast  over 
the  work  of  previous  observers.  Passing  over  that  of  Volkmann^ 
as  unreliable,  the  earliest  trustworthy  measurements  of  the  cardiac 

>  Zeitschriftfar  ratUmdU  Medicine  1842,  s.  821,  quoted  by  Donders. 
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movements  are  those  of  Donders,^  who  accompanied  the  sounds 
of  the  heart  by  movements  which  were  registered  along  with 
electric  signals  from  a  clock.  In  this  way  he  fonnd  that  the 
interval  between  the  first  and  second  sounds,  which  he  took  td 
represent  the  ventricular  systole,  varied  between  the  limits  of 
•309  and  -327  sec,  and  was  tolerably  constant  for  the  same 
individual  with  a  high  as  well  as  with  a  low  pulse-rate.  In  the 
sitting  posture  the  systole,  as  compared  with  the  whole  cycle,  was 
relatively  shorter  although  absolutely  longer.  From  such  con- 
siderations Bonders  concluded  that  the  systole  has  an  indepen- 
dence of  its  own.  By  means  of  a  Marey*s  sphygmograph 
Landois^  carefully  measured  the  different  movements  of  the 
^  heart  at  the  apex-beat.    To  afford  the  means  of  easy  comparison 

with  the  figures  in  the  sequence,  the  following  table  is  taken 
from  his  paper : — 

a.  Dauer  der  Vorhofcontraction  bis  zum  Beginn  der  Ventrikel- 
systole,         ....... 

b.  Dauer  der  VentrlkelcontractioD,         .... 

c.  Verharren  des  Ventrikels  in  der  Contraction, 

d.  Vom  Beginn  der  Diastole  bis  znni  Schluss  der  Semilunar- 
\  klappen,        ....... 

e.  Dauer  der  Diastole  vom  Schluss  der  Semilunarklappen  bis 
zum  Beginn  der  Pause,         ..... 

/.  Dauer  der  Herzpause,  ...... 

Dauer  des  gauzen  Herzschlages,  .... 

In  this  table  &,  c,  and  d  represent  the  systole  as  measured  by 
Donders. 

And  now,  turning  to  the  Plate  appended  to  this  paper  it  will 
be  observed  that  the  four  auricular  contractions,  beginning  with 
a,  extend  in  fig.  1  over  10^,  10^,  10,  and  llj  vibrations  of  the 
^  tuning-fork  respectively,  or  occupy  -105,  'lOS,.  '100,  and  'llS 

sec.  each ;  the  same  act  taking  up  in  fig.  2,  '115,  '110,  "110,  '110, 
and  '110  sec.  during  each  cardiac  revolution.  The  duration  of 
the  next  stage,  beginning  with  6*,  and  representing  the  initial 
shock  of  ventricular  contraction,  is  in  fig.  1,  '055,  '060,  '055, 
and  -060  sec. ;  and  in  fig.  2,  -065,  -060,  -060,  -060,  and  -060  sec. 

^  NederlandMh  Archiev  vow  Geneea-en  Naiuur-hu/ndey  1865,  b.  139,  and  DnJblin 
Qtiarterly  Jowmalf  1868,  p.  225. 
y  *  CentralblaU  der  medicinischen  Wissenachqften,  1866,  s.  179,  and  Zdtschrift 

'  far  ralimielU  Medicin,  1867,  s.  413. 
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0,170 
0,165 
0,088 

0,177 
0,192 
0,082 

0,066 

0,072 

0,259 
0,393 
1,133 

0,200 
0,407 
1,138 
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for  each  cycle.  Following  this,  the  fall  of  the  lever  from  2^  during 
the  expoLsion  ot  the  blood  from  the  ventricles  occupies  in  fig.  1, 
180,  -225,  -205,  and  -200  sec,  and  in  fig.  2,  175,  180,  175,  and 
'180  sea  From  the  cessation  of  the  descent  at  ^  to  the  shock 
accompanying  the  second  sound  are  intervals  in  fig.  1  of  '155,  '105, 
•120,  and  -130  sea,  and  in  fig.  2  of  150,  135,  130,  and  -140  sea, 
and  from  this  latter  point  ^,  which  may  be  taken  to  represent  the 
commencement  of  diastole  as  determined  by  the  ear,  until  the 
ascent  of  the  lever  caused  by  the  influx  of  blood  during  ventri- 
enlar  relaxation  are  pauses  in  fig.  1  of  -080,  '1 15,  '100,  and  *100 
sea,  and  in  fig.  2  of  '105,  -110,  '110,  and  '105  sea  The  diastolic 
filling  of  the  ventricles,  beginning  with  c^,  takes  up  in  fig.  1, 
•140,  105,  •lOS,  and  110  sea,  and  in  fig.  2,  120,  115.  100,  and 
•120  sea,  after  which  the  revolutions  end  in  long  pauses,  lasting 
in  fig.  1,  -385,  -470,  and  395  sea,  and  in  fig.  2,  -330,  330,  -260, 
and  -240  sea,  during  each  of  which  the  slight  rise  of  the  curve 
shows  a  gradual  increase  of  tension  caused  by  the  continued  in- 
gress of  blood 

To  present  the  foregoing  measurements  in  a  more  useful  form, 
they  are  embodied  in  the  following  tables,  of  which  the  first 
belongs  to  fig.  1  and  the  second  to  fig.  2 : — 

1.  11.  IIL  IV. 

Auricular  oontamction,     .  105  106  100  '^^^ii^te!*' 

Ventricular  shock,.    .  .-055)  060)  -055)  -060  1  fv^ntri^nU,. 

BxpuLikm  of  blood.    .  .    ISOV  -890  •226V  -890  -205  }  -380  -200  V  '390^7^*'"^ 

Paowe  to  arterial  recoil,  .    166)  ;106  j  120 )  -130  j  ^  systole. 

FirMt  diastolic  pauae, .  .    080)  116)  '100)  -100  i 

Return  of  blood,    .    .  .  -140  V  -606  •105>  -690   105  >   "600  -110  >    825    Diastole. 

Second  or  long  pause,  .  *885i  '470  j  •396)  (-415)  J 


Entire  cycle,    .     .  1*100  sec     1-186  sec.     1-080  sec.        1140  sec. 

I.  II.  III.  IV. 

Auricular  contraction,    .  -115  110  -110  '^^^{i^^lS!" 

Ventricular  shock,      .    .  '0&5)           -060)  -080  ^            "060  \          (v««f««,i.,. 

Expulsion  of  blood,    .    .  -176}  -390   180  >  -376  '176  V  -385  '180   f  •380i.VSJ^n^^'^ 

Pause  to  arterial  recoU,  .  -160  J           -136  j  -130)            -140   )          ^Bystoie. 

First  diastolic  pause, .    .'105)            -110  >  '110)            -105) 

Return  of  blood,    .    .    .  '120  >  '566  -116  [  '666  '100  [  -470  '120  \  '465    Diastole. 

Second  or  long  pause,     .  -830  j           -380)  '260/           -240  ) 

m^^^^^m  i«^^^^«  fl^^nK^Mi*  — ^^^^ 

Entire  cycle,    .    .  1-060  sec.     1-040  sec.       -945  sec.         '966  sec. 

In  the  next  table  are  embodied  the  measurements  of  at  least 
one  complete  revolution  of  every  cardiogram  now  in  my  posses- 


i 


# 


SEQUENCE  AND  DURATION  OF  CABDIAC  MOVEMENTS. 


237 


sioD,  taken  on  the  basis  of  the  second  sound  being  the  point  of 
separation  between  systole  and  diastole. 


of  Tracing 
of  Cycle. 

oricnlar 
ystole. 

atricnlar 
ystole. 

• 

1 

i 

s 

•fa 

of  Tracing 
of  Cycle. 

iiiicnlar 
ystole. 

atricnlar 
ystole. 

iastole. 

4 

6'S 

<jm 

ft 

+» 
S 

19 

<^ 

O 

1 

1.  I. 

•115 

•845 

•605 

1^065 

10.  II. 

•105 

•890 

•690 

1-185 

2.    1. 

•120 

•350 

•670 

1^140 

11.  I. 

•105 

■366 

•465 

•935 

8.    I. 

•125 

•355 

•670 

1^165 

II. 

•100 

•380 

■495 

•976 

4.    I. 

•130 

•376 

•660 

1166 

III. 

-100 

•355 

•485 

•940 

6.    I. 

•125 

•336 

•455 

•915 

12.    I. 

•130 

•386 

-626 

1^140 

II. 

•126 

•345 

•455 

•926 

II. 

•106 

•376 

-615 

1^095 

6.    I. 

•125 

•360 

•490 

•975 

III. 

•106 

•866 

•576 

1-036 

II. 

•125 

•355 

•675 

1^055 

13.    I. 

•115 

■390 

•655 

1060 

7.    I, 

•115 

•375 

•670 

1060 

II. 

•110 

•376 

•555 

1040 

II. 

•110 

•860 

•625 

'996 

III. 

-110 

-865 

•470 

•946 

8.    I. 

•105 

•375 

•665 

1^045 

IV. 

•110 

•380 

•466 

•966 

II. 

•110 

•380 

•560 

1-060 

14.    I. 

•106 

•390 

•605 

1-100 

9.    I. 

•105 

•335 

•675 

1116 

II. 

•105 

•390 

•690 

1-185 

II. 

•105 

•325 

•675 

1-105 

III. 

•100 

•380 

•600 

1080 

10.    I. 

•110 

•395 

•686 

1190 

IV. 

•116 

•390 

•626 

1140 

The  average  absolute  duration  of  each  phase  with  that  of  the 
entire  cycle  is — 


Auricular 
Systole. 

•112  sec 


Ventricular 
Systole. 

-368  sec. 


Diastole. 
•678  sec. 


Entire  Cycle. 
1^057  sec. 


The  limits  of  absolute  duration  of  each  phase,  as  well  as  the 
diflference,  may  be  stated  as  follows ; — 


Longest 

Shortest 

Difference 

Auricular  Systole, 

.     -130 

•100 

•080  sec. 

Ventricular  Systole, 

.     -896 

•825 

•070  sec. 

Diastole, 

.     -690 

•465 

•285  sec. 

And  the  difference  as  compared  with  the   shortest    absolute 
duration  expressed  in  percentage  gives  the  following  table : — 


Auricular  Systole,     . 

.     -080 

•100 

» 

30    per  cent 

Ventricular  Systole, . 

.     -070        : 

•826 

- 

21-8        „ 

Diastole,  . 

.     •835 

•455 

- 

61-6        „ 

which  clearly  shows  the  extent  to  which  the  duration  of  each 
phase  may  vary  from  its  lowest  limit. 

Leaving  the  absolute  duration  of  the  individual  parts  of  the 
cardiac  cycle,  the  variations  in  the  relative  duration  of  each,  as 
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compared  with  the  entire  revolution  to  which  it  belongs,  may  be 
arranged  in  the  foUowing  percentages :— 

Shortest  Longest 

Auricular  Systole    in  14.  IT.  is    8*8  per  cent,  and  in  5.     I.  is  13*7  per  cent 
Ventricular  Systole  ,,     9.  II.  „  29-4        ,,  „     13.  IV.  „  40*6 

Diastole,  .        „     5.  II.  „  49  1        „  „      9.  II.  „  61  "1 


All  these  tables  show  clearly  that  the  most  stable  part  of  the 
cardiac  revolution  is  the  ventricular  systole.  The  duration  of 
the  diastole,  upon  which  the  rate  of  the  heart-beat  mainly 
depends,  is  the  most  variable,  and  next  to  it  must  be  ranked 
the  contraction  of  the  auricles. 

Compared  with  the  measurements  of  Bonders  the  interval 
between  the  first  and  second  sounds  is  somewhat  longer.  The 
percentage  on  the  entire  cycle  according  to  him  is  rather  higher, 
being  from  40*6-45'6  as  against  29'4r-40'6 ;  and  the  instance  of 
slow  pulse  which  he  gives^  increases  the  range  to  from  18  to 
45-6  per  cent.  According  to  Landois  the  constancy  in  duration 
of  the  auricular  systole  and  of  the  diastole  is  to  be  not^d,  while 
the  variations  in  ventricular  contraction  approach  those  in  the 
foregoing  tables  rather  closely. 

Before  concluding  there  is  one  point  to  be  briefly  adverted  to. 
In  fig.  2  there  is  a  wave  between  ¥  and  c^  which  is  marked  c^. 
The  two  successive  impulses  c*  and  c^  have  a  cause  not  far  to 
seek,  for  they  can  only  arise  from  a  difference  in  time  between 
the  arterial  recoil  towards  the  two  sets  of  semilunar  valves.  In 
the  same  tracing  there  is  a  shoulder,  marked  b\  on  the  descend- 
ing ventricular  curve,  which  occurs  in  about  half  the  total 
number  of  tracings,  being  invariably  associated  with  the  impulse 
c*.  These  two  waves  therefore  are  evidently  interdependent 
Arcs  of  the  lever  circle  are  drawn  through  these  points  in  the 
manner  already  described,  and  from  them  the  interesting  fact  is 
learned  that  the  number  of  vibrations  occurring  between  ¥  and 
c^  is  in  each  cycle  exactly  that  abeady  found  between  6^  and  c\ 
The  interval  of  time  between  6^  and  c^  is  150,  ISS,  130,  and 
140  sec.  in  each  cycle,  and  between  ¥  and  c*  the  length  of  time 
which  has  elapsed  is  the  same.  The  conclusion  is  obvious,  that 
2^  marks  cessation  of  ventricular  contraction  and  c^  arterial 

^  Loc.  cU. 
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recoil,  and  that  in  like  manner  ¥  is  the  point  also  of  cessation 
of  ventricular  contraction,  followed  at  the  same  interval  by  c* 
arterial  recoil. 

i  Discussion  of  the  cause  and  mode  of  occurrence  of  this  separa- 

tion  of  the  arterial  recoU  in  the  aorta  and  pulmonary  artery  ia, 
in  this  paper,  beyond  the  mark.  Passing  over  the  attempt  of 
von  Bamberger^  to  explain  reduplication  of  the  aortic  second 
sound  by  an  irregular  contraction  of  the  arterial  walls,  causing 
successive  blood-waves  towards  the  sigmoid  valves,  as  based 
upon  the  erroneous  conception  that  the  arterial  systole  is  of 
muscular  instead  of  elastic  origin,  the  first  theory  founded  on 
rational  principles  was  that  of  Potain,^  who  gave  difiference  of 
^  pressure  within  the  aorta  and  pulmonary  artery  as  the  cause. 
No  criticism  of  this  will  be  undertaken  now,  but  in  a  future 
paper  the  subject  will  be  discussed, 

A  difficulty  besets  the  double  arterial  recoil  of  the  tracing, 
inasmuch  as  there  never  has  been  an  audible  reduplication, 
although  the  second  sound  has  always  been  extremely  loud  and 
prolonged.  This  might  be  explained  away  by  saying,  that  like 
physiological  reduplication  in  general,  it  is  evanescent  and  only 
present  occasionally.  But  the  reduplication  is  more  persistent 
than  that  frequently  present  at  the  end  of  inspiration  and  be- 
ginning of  expiration,  for  it  takes  place  during  the  whole  length 
of  many  tracings  which  were  obtained  under  ordinary  conditions 
of  respiration ;  indeed,  it  seems  much  more  probable  that  the 
reduplication  of  the  recoil  may  be  present  without  reduplication 
of  the  sound  being  audible. 
According  to  Despretz,  quoted  by  Carpenter,*  the  minimum 
^         number  of  complete  vibrations  required  to  produce  an  appre- 

\  ciable  musical  sound  is  eight  per  second,  and  Savart,  also  quoted 

by  Carpenter,*  fixes  the  minimum  at  from  seven  to  eight  per 
second.  Contradictory  statements  are  made  with  regard  to  the 
duration  of  sonorous  impressions  on  the  ear,  this  being  said  by 
some  observers  to  be  longer  and  by  others  shorter  than  the  dura- 
tion of  ocular  impressions.    Foster^  says  that  "  the  ticks  of  a 


t 


^  Lehrbuch  der  KramkheUen  des  fferzenSf  1857,  s.  73. 

»  r  Union  Midicale,  N.  S.  tome  xxxi.  1866,  pp.  807,  367,  438,  695,  611. 

'  Principles  of  ffwium  Physiology,  edited  by  Power,  1876,  p.  836. 

*  LoccU.  ^  A  Text-Book  of  Physiology,  1878,  p.  456. 
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pendulum  beating  100  in  a  second  are  readily  audible  as  distinct 
sounds."  In  the  reduplication  on  the  tracing  the  arterial  recoils 
are  separated  by  the  tenth  part  of  a  second ;  yet  it  must  be 
borne  in  mind  that  the  sound  accompanying  each  is  not  a  simple 
noise,  but,  caused  as  it  is  by  the  vibrations  of  a  membrane  and 
a  column  of  fluid  with  the  secondary  vibrations  of  the  surround- 
ing structures,  approaches  the  character  of  a  musical  note.  It 
seems  much  more  probable  that  the  one  sound  is  continued  into 
the  other  than  that  the  reduplication  should  play  at  hide-and- 
seek  with  the  observer. 


Explanation  op  Plate  XL 

The  figures  along  the  tuning-fork  curves  indicate  the  number  of 
vibrations  in  each  period,  and  the  tracings  are  to  be  read  from  left  to 
right. 
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ON  THE  FCETAL  MEMBEANES  OF  THE  ELAND  (OREAS 
CANNA).    By  Prof.  Turner,  M.B.,  F.RS. 

In  the  month  of  June  1879  I  received  from  my  friend  the  late 
Professor  A.  H.  Garrod,^  the  foetal  membranes  of  an  Eland,  which 
had  given  birth  to  a  young  one  in  the  Gardens  of  the  Zoological 
Society  of  London. 

When  spread  out  on  a  table  the  chorion  was  nearly  7  feet 
in  length,  and  obviously  consisted  of  two  horns,  one  of  which, 
much  more  dilated  than  the  other,  had  contained  the  foetus. 
This  dilated  horn  was  torn  at  and  near  the  spot  which  had  been 
"^  in  relation  to  the  os  uteri.  The  amnion  was  so  torn  that  its 
relations  and  connections  could  not  be  accurately  followed  out. 
The  tubular  prolongations  of  the  allantois  could  be  traced  into 
each  comer  close  up  to  its  tip,  but  owing  to  the  injury  it  had 
received  during  parturition,  nothing  definite  can  be  stated  of  the 
arrangements  of  this  sac  within  the  part  of  the  chorion  where 
the  foetus  had  been  lodged. 
^  The  outer  surface  of  the  chorion  was  studded  with  upwards  of 

100  caruncules,  which  varied  in  diameter  from  \  inch  to  4  inches, 
but  the  majority  were  from  2  to  3  inches  across.  They  were 
sessile  on  the  chorion,  and  as  a  rule  limited  by  a  well-defined 
edge,  but  with  those  situated  near  the  free  end  of  each  horn  the 
chorion  was  puckered  in  around  the  base  of  attachment,  so  as 
to  simulate  a  somewhat  peduncular  arrangement. 

The  caruncules  were  closely  crowded  with  villi,  which  were 
elongated,  and  in  the  centre  of  the  caruncule  measured  from 
^ths  to  i^ths  inch  in  length.    The  stem  of  origin  of  each  villus 
7  was  short,  for  it  almost  immediately  bifurcated  into  two  slender 

cylindriform  branches,  and  these  again  branched  repeatedly  in  a 
dichotomouB  manner,  until  at  last  they  terminated  in  a  bunch 

^  I  cannot  allow  this  opportunity  to  pass  by  without  expressing  my  indebtedness, 
not  only  on  this,  but  on  previous  occasions,  to  the  late  Professor  Garrod,  for 
specimens  of  rare  forms  of  placentse.  I  always  found  him  ready  to  assist  in  pro- 
curing the  material  for  research,  and  in  the  most  unselfish  way  placing  it  at  my 
disposal  In  common  with  so  many  feUow-workers  in  anatomy,  I  regret  the  loss 
that  science  has  sustained  by  the  early  death  of  one  who  stood  in  high  estima- 
tion, not  only  from  his  ability  and  attainments,  but  from  the  excellence  of  his 
personal  character. 
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of  very  slender  thread-like  villi  No  collateral  branches  arose 
except  close  to  the  origin  of  the  parent  stem  of  each  villus,  where 
it  was  not  unusual  to  see  one  or  two  short  leaf-like  villi  pro- 
jecting from  the  parent  stem.  Long  vessels,  which  could  readily 
be  injected,  passed  down  the  axis  of  the  cylindriform  villi,  and 
gave  orgin  to  a  network  of  capillaries  distributed  near  the  sur- 
face of  the  villus.  The  plexus  was  very  distinct  in  the  leaf -like 
viUi  above  referred  to,  as  these  vessels  arose  from  the  vessels  of 
the  viUi,  where  they  were  comparatively  large  in  size,  whilst  the 
capillaries  in  the  cylindriform  branches  were  more  difl&cult  to 
fill  with  injection,  on  account  of  the  length  and  fineness  of  the 
vessels  from  which  they  proceeded. 

The  intercotyledonary  parts  of  the  chorion  were  as  highly 
vascular  as  I  have  seen  and  described  to  be  the  case  in  various 
other  specimens  of  the  cotyledonary  placenta.  The  last  carun- 
cule  was  situated  in  the  more  distended  horn  3  inches  from  its 
tip,  but  in  the  less  distended  5  inches.  As  a  good  injection  of 
the  vessels  had  been  obtained  in  the  latter,  the  chorion  beyond 
the  terminal  caruncule  was  minutely  injected  up  to  its  free  end, 
except  in  two  or  three  patches  where  the  injection  had  failed  to 
penetrate  the  vessels.  One  uninjected  patch  was  circular  in 
form  and  ^  inch  diameter;  it  was  surrounded  by  a  highly 
vascular  portion  of  the  chorion,  and  was,  I  believe,  a  non- 
vascular area  in  relation  to  the  orifice  of  the  Fallopian  tube, 
similar  to  what  I  have  described  in  the  placenta  of  Orca,  the 
mare,  and  other  mammals. 

No  appendage  was  situated  at  the  tip  of  either  horn  of  the 
chorion,  which  could  be  regarded  as  a  diverticulum  ailantoidis  ; 
so  that  the  Eland  differs  in  this  particular  from  the  cow  and 
sheep,  and  resembles  what  I  have  seen  and  described  in  various 
of  the  CervidsB.  The  intercaruncular  surface  of  the  chorion  was 
not  mapped  out  into  minute  polygonal  areas,  such  as  I  have 
previously  described  in  the  cow,  giraffe,  and  raindeer. 

Patches  of  a. very  delicate  brownish  filmy  membrane  existed 
on  some  parts  of  the  intercotyledonary  chorion.  This  membrane 
could  be  readily  scraped  off  with  a  knife,  and  when  examined 
microscopically  was  seen  to  be  composed  of  cells.  When  mag- 
nified 350  diameters  the  cells  were  observed  to  be  elongated, 
and    apparently  a    specially    modified    columnar    epithelium. 
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When  seen  in  profile  the  free  end  was  somewhat  club-shaped, 
whilst  the  deeper  end  was  attenuated  into  a  very  slender  fila- 
ment. On  a  surface  view  the  free  ends  were  polygonal  and 
closely  compacted  together.  The  arrangement  of  these  cells  was 
readily  seen,  not  only  in  portions  of  the  membrane  scraped  off 
from  the  chorion,  but  in  situ  on  the  chorion  itself,  where  they 
were  observed  to  form  a  distinct  pavement,  not  continuous  how- 
ever, over  the  whole  surface  of  the  chorion,  as  patches,  often  of 
considerable  extent,  had  been  removed.  These  cells  are  to  be 
regarded  as  the  epithelial  layer  of  the  chorion  modified  into  a 
layer  of  elongated  club-shaped  cells.  Obviously  they  cannot  be 
regarded  as  the  epithelial  cells  of  the  uterine  mucosa  shed  along 
with  the  chorion,  for  if  they  had  been  uterine  in  origin  their 
club-shaped  ends  would  have  been  in  contact  with  the  chorion, 
and  their  attenuated  ends  would  have  been  free,  whereas  the 
reverse  was  the  case. 

In  possessing  a  covering  of  elongated  epithelium  cells  on  the 
free  surface  of  the  chorion  the  Eland  presents  an  arrangement 
which  generally  resembles  the  description  given  by  M.  A.  Dastre 
in  the  rabbit,  sheep,  and  pig.^  In  the  pig,  however,  these  cells 
terminated  at  the  deep  attached  end  in  a  plane  facet,  and  not  in 
an  attenuated  extremity  as  in  the  Eland ;  moreover,  in  the  pig 
the  cells  were  uniformly  cylindrical,  and  not  swollen  out  into  a 
club-shaped  extremity.  Their  form  in  the  Eland  is  not  unlike 
that  of  the  epithelial  cells  on  the  chorion  of  the  rabbit,  as  figured 
by  M.  Dastre  in  his  Plate  VIII.  fig.  4. 

I  did  not  observe  any  white,  or  brown,  or  yellowish  bodies 
connected  to  the  amniotic  investment  of  the  cord,  such  as  is 
the  rule  in  the  Buminantia ;  but  it  should  be  stated  that  this 
investment  was  so  much  torn  away  that  oidy  fragments  of  it 
could  be  seen.  Neither  did  I  see  such  bodies  connected  with 
the  wall  of  the  sac  either  of  the  amnion  or  allantois. 

From  the  above  description  it  will  be  seen  that  the  eland- 
antelope  agrees  with  the  other  hollow-horned  ruminants  that 
have  been  described,  in  possessing  a  large  number  of  cotyledons 
(caruncules)  on  the  outer  surface  of  its  chorion,  so  that  along 
with  them  it  must  be  classed  amongst  the  PolycotyledoTUoph/yi'a 
(Garrod). 

^  Annales  dea  sciences  ruUurelleSf  Zool.  tome  iii  1876. 
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NOTES  ON  THE  DISSECTION  OF  A  SECOND  NEGRO. 

By  Professor  Turner,  M.B.,  F.RS. 

In  the  last  volume  of  this  Journal,  p.  382, 1  gave  an  account  of 

a  number  of  variations  observed  in  the  dissection  of  a  Negro. 

I  propose  now  to  record  some  observations  on .  the  body  of  a 

second  Negro,  aged  44,  subsequently  dissected.     I  gave  special  4 

instructions  to  Mr  G.  S.   Brock,  Assistant  Demonstrator  of 

Anatomy,  to  note  down  all  the  variations  met  with,  and  I  have 

incorporated  his  notes  in  the  following  description : — 

Musauiar  System, — The  left   zygomaticus  major  blended  at  ^ 

its  origin  with  the  outer  fibres  of  the  orbicularis  palpebrarum, 
which  curved  further  outwards  than  usual.  The  left  hicefps,  in 
addition  to  its  usual  origin  from  the  scapula,  had  two  heads  of 
origin  from  the  humerus.  The  larger  arose  from  the  inner 
surface  of  the  shaft  for  3  inches  below  the  teres  major  and  close 
to  the  attachments  of  the  coraco-brachialis  and  brachialis  anticus.  4 

The  smaller  arose  from  the  small  tuberosity  and  from  the  bottom 
of  the  bicipital  groove,  external  to  the  insertion  of  the  latissimus 
dorsi.  Both  the  humeral  heads  joined  the  fleshy  belly  belonging 
to  the  long  head.  From  the  tendon  arising  from  the  bottom  of 
the  bicipital  groove  a  fibrous  band  proceeded,  which  joined  the 
tendon  of  insertion  of  the  coraco-brachialis.  On  the  right  side 
the  lower  humeral  head  was  also  present,  but  not  the  arrange- 
ment connected  with  the  bottom  of  the  bicipital  groova  Th© 
palmaris  longus  was  absent  in  both  arms,  a  not  uncommon 
occurrence  in  the  white  races.  The  flexor  longus  pollicis  derived 
its  rounded  coronoid  origin  partly  from  the  front  of  the  coronoid 
process  and  partly  from  the  internal  condyle  of  the  humerus. 
The  flexor  mblimis  was  connected  to  the  flexor  profundus  by  an 
intermediate  tendon.  The  right  plantaris  was  represented  by 
an  extremely  narrow  tendon,  formed  above  by  the  junction  of 
two  still  narrower  slips,  attached,  the  one  to  the  posterior  liga- 
ment of  the  knee-joint  close  to  the  internal  femoral  condyle,  the 
other  to  the  general  aponeurosis  of  the  leg,  about  2  inches  below 
the  inner  tuberosity  of  the  tibia,  and  near  the  inner  border  of 
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that  bone.  The  band  thus  formed  was  without  a  muscular 
belly,  but  passed  down  the  back  of  the  leg  in  the  course  of  the 
plantaris,  and  ended  by  blending  with  the  deep  fascia  of  the  leg 
about  2  inches  above  the  ankle.  The  right  ^^a:or  Umgus  hallucis 
sent  slips  to  join  the  tendons  of  the  flexor  longus  digitorum  to 
the  second  and  third  toes.  The  tendon  of  the  right  flexor  brevis 
digitorum  to  the  little  toe  ended  in  the  long  flexor  tendon  to  the 
same  toe.  No  peronem  t&i*tius  was  inserted  into  the  fifth  meta- 
tarsal bone,  but  the  long  extensor  of  the  toes  gave  off  a  tendon 
to  the  base  of  the  fourth  metatarsal  bone.  A  right  aMuctor 
08918  metatarsi  minimi  digUi  was  present. 

Vascular  System, — In  the  left  arm  no  superfl^daiia  vola^  was 
observed.  The  superfl>cial  palmar  arch  was  completed  by  the 
ulnar  anastomosing  with  the  arteria  radiaUs  indicis,  which  was 
itself  irregular,  being  derived  from  the  arteria  princeps  pollicis. 
The  arch  gave  origin  to  only  two  digital  arteries;  the  inner 
digital,  after  supplying  a  branch  to  the  ulnar  side  of  the  little 
finger,  bifurcated  to  supply  the  adjacent  sides  of  the  little  and 
ring  fingers ;  the  outer  digital  gave  origin  to  the  arteries  which 
supplied  the  adjacent  sides  of  the  ring  and  middle,  and  middle 
and  index  fingers. 

The  right  ischiatic  artery  passed  through  the  sciatic  foramen 
as  two  branches,  between  which  was  situated  the  pudic  artery ; 
aU  three  pierced  the  great  sciatic  nerve.  Left  side  was  normal. 
The  nght  profunda  femoris  gave  origin  to  a  vessel  corresponding 
to  the  transverse  branch  of  the  external  circumflex,  whilst  the 
circumflex  arteries  proper  arose  from  the  femoral.  On  the  left 
side  the  circumflex  arteries  were  normal  in  origin,  except  that 
the  ascending  branch  of  the  external  circumflex,  arose  from  the 
femoral  a  little  below  Poupart's  ligament. 

Two  Thoracic  Ihids. — Lying  on  the  vertebral  column,  one  on 
either  side  of  the  descending  aorta,  were  two  thoracic  ducts,  and 
quite  separate  from  one  another  at  their  lower  ends,  and  indeed 
all  the  way  up  the  thorax  as  far  as  the  root  of  the  neck,  where 
they  joined  to  form  a  common  trunk.  They  were  dilated  below 
into  two  distinct  receptacula  chyli,  which  were  situated  on  the 
first  lumbar  vertebra,  one  to  the  right,  the  other  to  the  left  of 
the  aorta,  and  received  the  lymphatics  of  that  side  of  the  body 
to  which  they  respectively  belonged.    Each  receptaculum  was 
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i  inch  in  diameter  and  1^  inch  in  length.  The  right  duct 
corresponded  in  its  course  to  the  normal  vessel  passing  behind 
the  arch  of  the  aorta  to  reach  the  root  of  the  neck,  while  the 
left  duct  traversed  the  thorax  on  the  left  side  of  the  aorta, 
joining  the  right  in  the  neck.  Both  pursued  a  tortuous  course, 
and,  when  dissected  out  and  straightened,  measured,  including 
receptacula,  15J  inches.  Unfortunately,  the  termination  of  the 
duct  had  been  inadvertently  removed  in  the  dissection  of  the  neck. 

Nervous  System, — In  both  upper  limbs  a  large  branch  of  com- 
munication passed  between  the  median  and  musculo-cutaneous 
nerves  about  the  middle  of  the  upper  arm.  The  left  frontal 
nerve  bifurcated  near  its  origin  from  the  ophthalmic,  one  branch 
passed  along  with  the  artery  through  the  supra-orbital  notch, 
the  other  through  a  special  foramen  in  the  orbital  border  of  the 
frontal  bone  |  inch  to  the  outer  side  of  the  supra-orbital  notch. 
The  left  great  sciatic  nerve  bifurcated  on  a  level  with  the  ex- 
ternal condyle  of  the  femur.  A  well-marked  ganglif orm  enlarge- 
ment, especially  large  on  the  right  side,  was  on  the  great 
splanchnic  nerve. 

The  sigmoid  flexure  of  the  colon  was  greatly  enlarged,  measur- 
ing 3  feet  in  length  and  16  inches  in  circumference  at  its  widest 
part    There  was  no  obstruction  in  the  rectunt 

None  of  the  variations  in  the  nervous  and  arterial  systems  pre- 
sent special  features  of  interest,  as  they  have  all  from  time  to  time 
come  under  the  notice  of  myself  or  other  anatomists,  although  the 
arrangement  observed  in  the  digital  arteries  is  very  uncommon. 

The  duplication  of  the  thoracic  duct  in  the  complete  form 
observed  in  this  Negro  is  evidently  very  rare,  and  is  to  be  dis- 
tinguished from  those  cases  in  which  a  bifurcation  of  the  duct 
occurs.  In  the  Monro  collection  in  the  Anatomical  Museum  of 
this  University  is  a  preparation  in  which,  in  addition  to  the 
normal  duct,  a  duct  ascends  to  the  left  of  the  aorta.  Henle  states 
that  in  the  Museum  at  Gottingen  is  a  preparation  where  the  duct 
enters  the  thorax  as  two  trunks,  which  join  opposite  the  ninth 
dorsal  vertebra.  But  Nuho  has  described  a  case  which  closely 
resembles  the  condition  observed  in  the  Negro. 

No  special  interest  attaches  to  the  majority  of  the  muscular 
anomalies  described,  as  anatomists  of  any  experience  are  quite 
familiar  with  them,  and  they  are  not  so  numerous  as  one  often 
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sees  in  individuals  of  the  white  races.  The  peculiar  modification 
of  the  plantaris  in  the  absence  of  its  muscular  belly  and  the 
substitution  for  it  of  a  fibrous  band,  and  the  four-headed  biceps 
are,  however,  worthy  of  note. 

Although  anomalies  of  the  biceps  are  far  from  uncommon, 
more  especially  the  presence  of  a  humeral  head  arising  between 
the  attachments  of  the  coraco-brachialis  and  brachialis  anticus, 
yet  the  existence  of  four  heads  to  that  muscle  is  occasionally 
seen.  In  my  dissecting  room  note-book  I  have  kept  a  record  of 
seven  cases  that  have  come  under  my  observation  in  the  white 
races.  In  one  a  third  or  humeral  head  arose  in  the  right  arm 
between  the  coraco-brachialis  and  brachialis  anticus,  whilst  the 
fourth  head  arose  in  common  with  the  short  head  from  the 
coracoid,  then  separating  from  it  fonned  a  distinct  belly  which 
joined  the  tendon  of  insertion  in  the  lower  part  of  the  upper 
arm ;  it  was  separated  from  the  proper  short  head  by  a  branch  of 
the  musculo-cutaneous  nerve.  Another  case,  a  male,  had  in  the 
left  arm  an  arrangement  closely  resembling  the  above  in  the 
origin  of  the  fourth  head,  but  the  third  head,  in  addition  to  its 
humeral  origin,  had  an  accessory  origin  from  the  internal  inter- 
muscular septum  about  1  inch  below  the  tendon  of  insertion 
of  the  coraco-brachialis.  The  brachial  vessels  and  median  nerve 
descended  immediately  above  this  accessory  slip  under  cover  of 
the  third  head  to  the  biceps.  The  right  arm  possessed  only  the 
usual  third  head.  In  a  boy  the  right  biceps  had  a  third  head 
from  the  usual  place  on  the  shaft,  and  a  fourth  head  arising  in 
common  with  the  short  head  from  the  coracoid.  In  another 
subject,  a  male,  the  third  or  humeral  head  arose  in  the  usual 
position,  whilst  the  fourth  head,  which  was  long  and  slender, 
proceeded  from  the  deep  fascia  of  the  upper  aim,  where  it  was 
superficial  to  the  tendon  of  insertion  into  the  bicipital  groove  of 
the  latissimus  and  teres.  In  another  male  with  the  usual  third 
or  humeral  head,  a  fourth  head  arose  lower  down  the  humerus 
between  the  brachialis  anticus  and  inner  head  of  the  triceps. 
It  was  separated  at  its  origin  from  the  third  head  by  the  brachial 
vessels  and  median  nerve,  but  in  its  course  it  crossed  these 
objects  and  joined  the  aponeurotic  tendon  of  the  biceps  which 
ends  in  the  aponeurosis  of  the  fore-arm.  In  another  subject,  a 
female,  the  third  head  arose  by  two  perfectly  distinct  fasciculi 
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from  the  shaft  of  the  humerus  above  the  attachments  of  the 
coraco-brachialia  and  brachialis  anticus,  internal  to  the  insertion 
of  the  pectoralifl  major  and  immediately  below  the  insertion  of 
the  teres  major ;  these  fascicub*  blended  with  the  posterior  surface 
of  the  belly  belonging  to  the  long  head :  the  fourth  head  arose 
from  the  fibrous  capsule  of  the  shoulder  joint  superficial  to  the 
lesser  tuberosity ;  it  blended  with  the  inner  border  of  the  belly 
of  the  long  head  in  the  lower  third  of  the  upper  arm.  In  another 
female  the  right  biceps  had  the  usual  third  head,  and  the  fourth 
arose  as  a  slender  fasciculus  from  the  front  of  the  capsular  liga- 
ment of  the  shoulder ;  it  blended  with  the  belly  of  the  long  head. 
I  have  spoken  of  the  usual  third  head  to  the  biceps  as  having 
its  origin  from  the  humeral  shaft  between  the  attachments  of 
the  coraco-brachialis  and  brachialis  anticus.  Professor  Mac- 
alister,  in  his  catalogue  of  muscular  anomalies,  considers  that  this 
arrangement  occurs  as  bften  as  once  in  every  10  subjects,  and 
Mr  John  Wood  saw  it  18  times  in  175  subjects,  a  proportion 
which  corresponds  closely  with  my  own  observations  ;  but  cases 
sometimes  occur  in  which  the  biceps  has  a  third  head  arising 
not  in  this  but  in  another  locality.  In  my  dissecting  room  note- 
book I  find  a  record  of  a  third  head  arising  in  the  left  arm  of  a 
male  from  the  deep  surface  of  the  tendon  of  insertion  of  the 
pectoralis  major ;  of  the  right  arm  of  a  female  in  which  a  third 
head  arose  from  the  upper  part  of  the  anterior  border  of  the 
bicipital  groove,  where  it  was  blended  with  the  pectoralis  major ; 
of  the  left  arm  of  a  male,  where  the  third  head  arose  partly 
from  the  deep  surface  of  the  tendon  of  the  pectoralis  major,  and 
partly  from  the  upper  end  of  both  the  anterior  and  posterior 
borders  of  the  bicipital  groove,  so  that  it  covered  over  the  long 
tendon  of  the  biceps;  of  a  left  arm,  in  which  the  long  head 
was  divided  into  two  almost  equal  parts,  the  one  arose  from  the 
anterior  border  of  the  bicipital  groove  close  to  the  pectoralis 
major,  the  other  occupied  the  groove,  and  arose  from  the  cap- 
sule of  the  shoulder  joint  close  to  the  great  tuberosity  of  the 
humerus;  there  was  no  tendon  within  the  joint.  From  these  cases 
it  would  appear  that  the  biceps  muscle  has  a  tendency  to  derive 
a  third  head  from  the  neighbourhood  of  the  bicipital  groove,  but 
this  locality  is  not  nearly  so  common  as  the  humeral  shaft 
between  the  coraco-brachialis  and  brachialis  anticus. 
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A  NEW  ABNOEMALITY  IN  CONNECTION  WITH  THE 
VERTEBRAL  ARTERY.  By  R  J.  Anderson,  MJD., 
DemoTistratoT  of  Anatomy^  Queen* 8  College,  Belfast. 

In  a  female  subject  in  which  a  peculiar  condition  of  the  verte- 
bral artery  existed,  the  arteries  at  the  lower  part  of  the  neck 
presented  some  features  of  interest,  and  the  following  notes  were 
made  with  reference  to  them : — 

On  the  left  side  the  subclavian  artery  gives  off  the  following 
branches : — 

The  internal  mammary,  which  has  its  usual  place  of  origin. 

In  place  of  the  thyroid  axis  a  branch  arises  from  the  first 
stage  of  the  subclavian  which  divides  into  two;  one  of  those,  the 
superficial  cervical,  passes  over  the  scalenus  to  its  region  of  dis- 
tribution, givmg  off  previously  a  branch  which  has  a  course,  first 
upwards  and  backwards  and  then  directly,  backwards  between 
f  the  transverse  processes  of  the  fifth  and  sixth  cervical  transverse 

"^  processes.    The  other  branch  is  the  inferior  thyroid  which  has 

an  arched  course  over  the  common  carotid  artery,  and  is  distri- 
buted  to  the  lower  left  part  of  the  thyroid  body.  This  arteiy 
gives  off  a  small  branch  before  crossing  the  carotid. 

The  superior  intercostal  gives  off  a  small  branch,  the  repre- 
sentative of  the  profunda  cervicis,  which  terminates  at  the  lower 
part  of  the  neck,  its  place  being  supplied  by  the  branch  of  the 
superficial  cervical  mentioned  above,  a  not  unusual  occurrence. 

The  posterior  scapular  arises  from  the  first  stage  of  the  sub- 
clavian and  pierces  the  middle  scalenus.  A  small  offset  is  given 
by  this  artery  to  the  scalenus  medius  before  its  passage  through 
the  muscle. 

The  suprascapular  is  derived  from  the  anterior  part  of  the 
third  stage. 

The  most  remarkable  arterial  deviation  amongst  the  foregoing 
was  that  of  the  inferior  thyroid,  which  was  larger  than  the 
superior  thyroid  of  the  same  side.  A  case  of  the  presence  of 
two  thyroid  arteries  is  mentioned  by  Quaiu,^  one  of  which  passed 

^  See  Quain,  Arteries,  p.  170  ;  Iluuk,  Ilandhuch  der  Ge/dssUhret  ])p.  364,  366. 
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in  front  of  the  common  carotid.  Cases  arc  mentioned  of  the 
inferior  thyroid  of  the  left  side  commencing  from  the  left  sub- 
clavian and  taking  this  course,  and  of  the  arteria  thyroidea  aris- 
ing from  the  suprascapular  and  having  a  similar  course. 

The  left  vertebral  arises  from  the  arch  of  the  aorta,  between 
the  origins  of  the  carotid  and  subclavian;  one-sixth  of  an  inch 
above  its  origin  it  divides  into  two  branches.  The  posterior,  the 
larger,  ascends  to  the  foramen  in  the  transverse  process  of  the 
fifth  cervical  vertebra  which  it  enters.  In  its  course  to  reach 
the  foramen  it  gives  off  a  small  branch  from  its  inner  side  that 
is  distributed  to  the  connective  tissue  and  muscles  in  Iront  of  the 
cervical  vertebrae.  The  anterior  branch,  smaller  in  size,  has  a 
more  prolonged  course.  It  ascends  in  front  of  the  posterior 
branch,  almost  completly  obscuring  it,  and  unites  again  with  the 
latter  between  the  third  and  fourth  cervical  transverse  pro- 
cesses. Thus  the  vertebral  artery  is  double  from  a  point  close 
to  the  aorta  to  the  space  between  the  third  and  fourth  cervical 
vertebrae. 

This  abnormality  in  the  condition  of  the  vertebral  artery  may 
be  accounted  for  by  supposing  this  artery  to  give  off  originally 
the  ascending  cervical  artery,  whose  branches  are  ultimately 
replaced  by  other  arterial  twigs,  and  a  small  anastomotic  twig 
becomes  an  anastomosary  branch.  This  origin  of  the  ascending 
cervical  artery  is  however  extremely  rare. 

An  explanation  of  the  abnormality  may  be  sought  for  in  the 
fact  that  the  inferior  thyroid  is  an  occasional  branch  of  the 
vertebral  in  the  case  figured  by  Quain.  This  artery  has,  how- 
ever, a  high  origin  from  the  vertebral.  If  this  be  the  case,  and 
obliteration  of  the  inferior  thyroid  from  the  point  of  origin  will 
reduce  the  case  to  the  foregoing,  and  changes  similar  to  those 
mentioned  in  the  last  paragraph  may  take  place.  An  explana- 
tion in  this  manner  is  favoured  by  the  fact  of  the  thyroid  artery 
arising  from  the  subclavian  and  crossing  the  common  carotid, 
which  does  not  differ  much  from  the  arteria  thyroidea  ima  noted 
by  Gruber,  which  had  an  origin  from  the  suprascapular.^ 

This  abnormality  may  be  accounted  for  by  supposing  that  one 
or  both  branches  had  an  origin  from  the  subclavian  originally. 
Then  the  case  might  be  explained  by  supposing  several  vertebral 

^  Henle,  op.  cU.  p.  255. 
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arteries  to  exist,  more  than  one  to  remain  pervious.  This  ex- 
planation, given  by  Quain  with  reference  to  a  double  origin  of 
the  vertebral  from  the  subclavian,  or  the  subclavian  and  aorta 
combined,  would  thus  apply  to  this  form.  The  anterior  in  this 
case  might  be  regarded  as  an  accessory  vertebral  artery. 

As  the  abnormalities  of  the  arteries  in  the  right  side  of  the 
neck  are  interesting  when  taken  in  connection  with  the  fore- 
going they  are  here  recorded. 

The  internal  mammary  arises  from  an  elevation  situated  in 
the  anterior  and  inferior  part  of  the  subclavian  artery,  and  com- 
mon to  this  artery,  the  suprascapular  and  superficial  cervical 

The  superficial  cervical,  arising  fi'om  the  upper  part  of  the 
elevation,  gives  ofiF  the  ascending  cervical  and  a  small  thoracic 
branch  that  reaches  the  thorax  by  passing  beneath  the  sub- 
clavian artery. 

The  suprascapular  arises  between  the  foregoing  and  the 
internal  mammary. 

The  superior  intercostal  has  its  usual  origin  and  distribution* 

The  vertebral  has  two  roots,  the  smaller,  which  at  its  origin 
occupies  the  usual  place  of  the  vertebral,  ascends  to  the  seventh 
cervical  transverse  process,  whose  foramen  it  enters.  The  larger 
root  arises  from  the  subclavian  close  to  the  origin  of  the  latter 
from  the  innominata;  thus  the  innominata  presents  the  ap- 
pearance of  an  axis ;  the  artery  ascends  to  the  fourth  cervical 
transverse  process  and  there  unites  with  the  other  root,  which 
has  ascended  through  the  foramina  below  this  point.  The  artery 
formed  by  the  junction  ascends  in  the  usual  position. 

This  condition  of  the  right  vertebral  artery  is  regarded  by  Mr 
Quain  as  very  rare,  the  only  case  recorded  being  one  in  which 
these  roots  of  origin  occurred  on  the  right  side.  Other  observers, 
however,  recognise  it  as  an  occasional  case  of  abnormality. 

To  complete  the  list  of  abnormalities  on  the  right  side,  the 
origin  of  the  posterior  scapular  from  the  third  stage,  and  the 
presence  of  an  arteria  thyroidea  arising  from  the  front  of  the 
innominata  near  its  terminatioD  may  be  noted. 


CASE  OF  DEVELOPMENT  OF  4^00L  ON  THE  CORNEA 
OF  A  SHEEP.  Bf  J.  G.  Gabsos,  MJ>.,  Royal  CoUege  ff 
Surgtoms  of  EngUad. 

Is  the  ]Mt  number  <rf  thk  Jommal,  Mr  G.  E  Dobson,  MR,  deacnbcd 
a  emt  ci  derelopinent  of  hair  on  the  coxnoi  of  a  bnli-tenier  dog.  Such 
a  growth  is,  as  be  nmariU^fltrong  eridenoe  of  the  wmilarity  of  derdi^ 
meat  of  the  akin  and  the  cornea.  His  case  is  not,  howeyer,  unique, 
as  ProliBaBor  Flower  has  directed  my  attention  to  a  specimen  of  a  sbnilar 
chasMier  in  the  mosemn  of  this  college,  presented  by  J.  C.  Chaytor, 
Esq.,  in  1870,  which  illiistrBtes  the  same  iacL  The  prepaatioD, 
nombend  373  in  the  Catalogue  of  the  Tentological  Series,  is  <me  in 
which  there  is  a  lock  of  wool  growing  from  the  comea  of  the  right  eye 
of  a  sheepL  The  history  reedTed  with  the  prepamtion  was,  that  when 
the  animal,  which  was  the  seeond  cross  from  a  bJackfiwed  moor  sheep 
by  a  LeiceBter  tap,  was  being  shorn,  the  shearer  obaenred  a  lock  of 
wool  growing  from  its  eye,  which  he  cnt  off  ckse  to  the  eyelids.  The 
lock,  howerei;  soon  began  to  grow  agaun,  and  at  the  time  the  sheep 
was  killed  (when  one  sod  a  half  yean  old)  had  attained  the  same 
length  ss  it  was  before  the  shearing.  As  the  eye  has  been  remored 
from  the  skull,  and  the  oonjonctiTa  and  moisdes  cnt  short,  the  rela- 
tion of  the  eyelids  to  the  anterior  snrfaoe  of  the  globe  cannot  be  seen. 
The  preparation  shows  at  the  outer  canthus,  and  sapeiioriy  a  piojee- 
tion,  resembling  a  mole  of  rounded  form,  measoring  about  5  mm.  in 
diameter,  sitoated  along  the  edge  of  the  cornea.  From  the  top  of  this 
springs  a  lock  of  wool,  some  of  the  fibres  of  which  are  as  long  as  6  c:m. 
The  tnmoor  or  mole  is  of  a  brown  coloor,  more  deeply  pigmented  at 
•ome  points  than  at  others,  so  that  it  presents  a  mottled  appearance.  On 
aoeoont  of  the  size  and  position  of  the  growth,  the  cornea  ooold  only 
have  been  partially  covered  by  the  upper  eyelid.  Probably  the  animal 
would  have  acquired  the  faculty  of  rolling  its  eyebaU  downwards  till 
the  tumour  rested  upon  the  lower  eyelid.  This  would  allow  the  upper 
eyelid  to  fall  farther  down,  and  so  cover  the  greater  part  of  the  oomea. 
The  vision  of  the  atfected  eye  would  not  have  been  interfered  with  to  any 
great  extent^  although  its  field  must  have  been  considerably  restricted 
externally.  There  does  not  seem  to  have  been  any  ulceration  of  the 
comea  produced  by  irritation  of  the  wool,  as  the  surface  is  perfectly 
smooth  and  even. 
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ANATOMICAL  AND  ZOOLOGICAL  RESEARCHES  :  comprising 
AN  Account  op  the  Zoological  Results  op  Two  Expbditions  to 
Wester  Yunnan.     By  John  Anderson,  M.D.     London,  1878. 

In  the  year  1868,  and  again  in  1875,  the  GoTemment  of  India  de- 
spatched an  expedition  to  explore  the  province  of  Western  Yunnan, 
with  the  object  of  inquiring  into  the  trade  routes  which  proceed  from 
Bhamo  to  China,  to  report  on  their  capabilities  for  commerce,  and  to 
collect  information  on  the  resources  of  the  country  through  which  the 
routes  passed.  Dr  Anderson  was  appointed  to  act  as  Naturalist  and 
Medical  Officer  to  both  these  expeditions.  Notwithstanding  the 
many  difficulties  thrown  in  the  way  by  the  hostility  of  the  native 
tribes  and  the  Chinese,  who  in  the  second  expedition  attacked  the 
Mission  when  only  three  days'  march  beyond  the  frontiers  of  Burmah, 
Dr  Anderson  has  succeeded  in  making  a  considerable  collection  in 
illustration  of  the  fauna  of  this  district  The  zoological  and  anatomical 
results  of  the  expedition  are  recorded  in  the  two  large  and  handsome 
volumes  now  before  us.  One  of  these  volumes,  extending  to  nearly 
1000  pages,  is  the  text,  whilst  the  other  contains  81  large  quarto  plates, 
a  considerable  proportion  of  which  are  coloured. 

It  would  be  out  of  place  in  this  Journal  to  enter  into  any  lengthy 
analysis  of  the  purely  zoological  part  of  this  work,  either  as  regards  the 
determination  of  species  or  the  geographical  distribution  of  the  various 
animals  collected.  But  there  is  so  much  that  is  of  value  and  interest 
to  the  anatomist,  both  in  the  text  and  plates,  that  some  account  of 
Dr  Anderson's  observations  will,  we  think,  prove  satisfactory  to  our 
readers.  It  may  be  the  more  advisable  to  do  this,  as  from  the  size  and 
cost  of  the  work  its  circulation  will  doubtless  be  somewhat  restricted. 

One  of  the  most  important  chapters  is  an  elaborate  monograph  on 
the  fluviatile  Cetacea  of  the  Irawaddy  and  the  Ganges — Orcella  fluvia- 
tills  SLndFlataninta  gangetica — and  of  the  round-headed  dolphin,  Orcella 
bremrostris,  which  frequents  the  estuaries  of  the  Ganges  and  Brahma- 
putra. The  description  of  the  structure  of  these  animals  is  much 
more  complete  than  had  previously  been  recorded.  As  some  of  the 
specimens  obtained  were  gravid  females,  Dr  Anderson  has  also  enjoyed 
the  opportunity  of  studying  their  placentation.  We  shall  begin  by 
giving  an  account  of  his  researches  on  the  uterus  and  foetal  mem- 
branes. 

In  the  uterus  of  an  almost  mature  foetal  Orcella,  the  uterine  glands 
were  absent,  but  in  the  uterus  of  a  fcetal  Platanwta  they  were  almost 
as  well  developed  as  in  the  unimpregnated  uterus  of  the  adult,  in 
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which  each  gland  depended  in  a  highly-branched  manner  by  a  single 
tube  from  an  orifice  in  the  layer  of  cylindrical  epithelium,  situated  in 
a  slight  depression  of  the  mucosa.  In  the  gravid  uterus  of  Orcella, 
the  glands  formed  a  dense  layer  of  tortuous  branched  tubes  subjacent 
to  the  layer  of  crypts,  in  which  the  villi  of  the  chorion  were  lodged,  and 
a  similar  gland  Layer  existed  in  the  gravid  uterus  of  Platanistcu  In 
Orcella  the  free  surface  of  the  gravid  mucosa  possessed  multitudes  of 
minute  recesses  or  crypts,  interspersed  amongst  which  were  numerous 
bare  spots,  in  the  centre  of  which  was  situated  the  mouth  of  an  utricular 
gland.  In  Plaianista  a  similar  series  of  bare  spots  also  existed,  having 
a  similar  relation  to  the  mouths  of  the  utricular  glands.  These  bare 
spots  are  therefore  in  Orcella  and  Platanida  equivalent  to  the  bare 
spots  in  the  pig  (Ercolani,  Turner),  lemur  (Turner),  intercryptal  areas 
in  the  mare  (Ercolani,  Turner),  and  to  similar  bare  spots  which 
Dr  Anderson  has  himself  observed  in  the  uterine  mucous  membrane 
of  the  tapir  and  cameL 

The  chorion  of  Orcella  was  studded  with  vascular  villi,  the  tufts  of 
which  varied  in  size,  some  being  low  and  closely  set,  others  being 
longer  and  arborescent  A  linear  bare  patch,  6^  inches  long,  was  on 
the  chorion  where  the  vessels  entered,  also  one  on  the  apical  part  of  the 
left  horn  corresponding  to  the  mesial  septum,  one  opposite  the  left 
Fallopian  tube,  but  none  was  seen  opposite  the  right  tube,  nor  on  the 
part  of  the  chorion  opposite  the  os  uteri  Smooth  non-viUous  spots  were 
also  scattered  over  the  surface  of  the  chorion,  much  more  numerous  on 
the  left  pole  than  on  the  right.  In  Platanista  the  villi  were  diffused 
over  the  chorion,  which  possessed,  however,  an  elongated  linear  bare 
patch  19^  inches  long,  which  stretched  from  within  5  inches  of  the 
left  pole,  to  within  17  inches  of  the  right  pole  of  the  chorion.  A  non- 
villous  patch  corresponded  to  the  left  pole  of  the  chorion,  but  none 
was  seen  opposite  the  right  Fallopian  tube.  Small  circular  smooth 
patches  were  also  scattered  generally  over  the  surface  of  the  chorion, 
more  especially  on  the  left  horn.  These  observations  by  Dr  Anderson 
supply  additional  examples  in  illustration  of  the  accuracy  of  the  view 
taken  by  Ercolani  in  his  **  Memoirs"  in  the  Bologna  Trarutactions,  and 
by  Turner  in  this  Journal^  vol.  x.,  that  the  uterine  glands  have  no 
necessary  relation  to  the  crypts  in  the  gravid  uterus  for  the  lodgment  of 
the  villi,  and  that  in  many  animals  the  glands  open  on  definite  smooth 
patches  on  the  surface  of  the  uterine  mucous  membrane  quite  distinct 
from  the  crypts. 

The  foetus  of  Platanida  was  situated  in  the  left  horn,  the  head 
lying  with  the  tip  of  its  snout  close  to  the  orifice  of  the  left  Fallopian 
tube.  In  Orcella  the  foetus  was  also  in  the  left  horn,  and  with  its 
snout  in  relation  to  the  left  tuba.  In  having  the  snout  directed  away 
from  the  os  uteri,  these  specimens  differed  from  the  gravid  uteri  of 
Orca  and  the  Narwhal  described  by  Turner,  and  of  Globiceps  described 
by  Van  Beneden,  in  which  the  snout  was  directed  to  the  os  uteri. 
The  surface  of  the  umbilical  cord,  both  in  Orcella  and  Platanisiaj  was 
studded  with  numerous  small  elevated  bodies  similar  to  what  have 
been  described  by  various  anatomists  in  other  species  of  Cetacoa.    Sac- 
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like  dilatations  of  the  umbilical  arteries  are  described  as  occuiring  at 
regular  intervals,  and  communicating  with  each  other  by  narrow 
channels.  These  dilatations  are  obviously  of  a  similar  nature  to  those 
described  by  Hyrtl,  Berger,  and  Ewart  in  the  arteries  of  the  human 
umbilical  cord.     (See  this  Journal^  January  1878.) 

It  would  exceed  the  limits  of  our  space  to  enter  as  fully  into  Dr 
Anderson's  description  of  the  other  viscera  of  these  Cetacea  as  we  have 
done  with  regard  to  the  gravid  uterus,  but  we  may  give  a  brief  state- 
ment of  his  observations  on  the  stomach.  "  The  stomach  of  Oreelhty" 
he  says,  "consists  of  three  cavities  and  of  an  intervening  narrow 
funnel-shaped  channel  between  the  second  and  third  saca''  In  Pla- 
tanvfta  the  stomach  "  consists  chiefly  of  two  laige  sacs  placed  side  by 
side,  opening  into  each  other  by  a  common  orifice  at  the  termination 
of  the  oesophagus.  The  first  or  left  cavity  is  perfectly  simple,  but  the 
second  presents  a  sacculation  in  the  right  wall  of  its  fundus ;  this  leads 
into  a  short  narrow  passage  or  channel  which  conducts  to  the  third 
cavity,  this  latter  being  about  one-eighth  the  capacity  of  the  others." 
The  dilated  sac  which  follows  his  third  cavity,  both  in  Orcdla  and 
Platanistay  he  considers  to  belong  to  the  small  intestine,  and  names  it 
the  duodenal  sac  It  will  be  observed  that  the  author  does  not  regard 
the  space  between  his  second  and  third  cavities  as  a  compartment  of 
the  stomach,  but  as  merely  a  channel  of  communication  between  his 
second  and  third  compartments.  This  mode  of  interpreting  the  space 
in  question  accords  with  that  followed  by  Murie  in  hiis  account  of  the 
stomach  of  Globiocephalua^  but  not  with  that  advocated  by  Turner  in 
t  this  Journal^  vol&  iL  iii.,  in  which  this  so-called  passage  is  described 

as  a  small  but  distinct  compartment  of  the  stomach. 

Dr  Anderson  describes  large  vascular  channels  penetrating  the  walls 
of  the  stomach  of  Orcella^  and  corresponding  in  most  respects  in  struc- 
ture with  the  "  momlif orm  tube  "  found  by  Turner  belonging  to  the 
vascular  system  of  the  intestine  of  BcUcenqptera  Sibhaldii.  He  also 
points  out  the  presence  of  a  peculiar  gland  connected  with  the  stomach 
of  Oreella,  which  closely  corresponds  in  structure  with  a  gland  in  the 
lung  both  of  that  animal  and  of  PlatanUta,  The  brain  of  Orcella  was 
not  obtained  in  a  fit  state  for  examination,  but  that  of  Platanida  is 
both  figured  and  described.  Many  observations  are  made  on  the 
skeleton  of  OrceUn,  and  an  exhaustive  description,  with  numerous 
figures,  is  given  of  the  skeleton  of  PUUardstd, 

Another  genus  of  Mam  mala,  the  anatomy  of  which  has  been 
specially  studied  by  our  author,  is  the  genus  Manis^  and  he  points  out 
the  anatomical  characters  by  which  M,  pentadaetyla^  aurita^  and 
javanica  are  to  be  distinguished  from  each  other.  He  was  so  fortunate 
as  to  secure  a  gravid  uterus  of  M.  pentacUzetyla,  with  a  foetus  in  the 
right  horn.  The  two  horns  of  the  uterus  possessed  a  similar  relation 
and  form  to  the  corresponding  structures  in  Platanida  and  Orcella, 
The  chorion  was  covered  with  villi  impacted  in  the  spongy  tissue  of 
the  wall  of  the  uterus.  He  recognised  a  broad  non-villous  band  on 
the  chorion  resembling  that  described  by  Sharpey  in  the  only  specimen 
of  the  placenta  of  Mania  which  had  previously  been  examined.     This 
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band,  as  in  Orcella,  Platanutta,  and  the  Tapir,  corresponded  to  the 
coarse  of  the  great  vessels  of  the  cord.  He  also  describes  a  non-viUous 
area  opposite  the  os  uteri,  as  well  as  in  relation  to  the  mouths  of  the 
Fallopian  tubes.  About  eight  bare  tracts  diverged  from  the  region  of 
the  OS  along  the  sac  of  the  chorion.  Although  the  uterine  mucosa  was 
generally  cryptose  for  the  lodgment  of  the  villi,  yet  non-cryptose  areas 
corresponded  to  those  parts  of  the  chorion  where  villi  were  absent. 
He  did  not  succeed  iv  finding  utricular  glands,  although  both  Sharpey 
and  Turner  had  seen  these  structures  iu  Sharpey's  specimen. 

Another  valuable  section  of  the  work  is  the  chapter  on  the  Beptilia 
collected,  more  especially  the  Chelonia,  and  along  with  the  tortoises 
from  Western  Yunnan  the  author  has  described  a  few  Indian  species  ^ 

elsewhere  obtained.  His  object  has  evidently  been,  by  giving  a  precise 
anatomical  description  of  these  specimens,  to  put  on  a  more  definite 
basis  the  classification  of  these  animals,  and  to  rescue  them  from  the 
state  of  confusion  into  which  they  have  been  thrown  by  some  writer& 

We   may  congratulate  Dr  Anderson   on  the  completion    of   this  ^' 

splendid  work,  in  which  he  has  reared  a  monument  to  his  industry  as 
a  collector,  to  his  research  and  descriptive  powers  as  £m  anatomist,  and 
to  the  skill  with  which  he  has  brought  his  anatomical  knowledge  to 
bear  on  the  discrimination  of  specific  characters. 


KECHERCHES     SUE    LES    ENVELOPPES    FCETALES    DU  f 

TATOU     A     NEUF    BANDES      {DASYPUS     NOVEM-         i 
CINCTUS),      By  M.  Alph.  Milne-Edwards.      {Annates  dee 
Sciences  Naturelles,  VL  Series,  Tome  VIII.,  No.  IV. 

In  this  memoir  M.  Alph.  Milne-Edwards  has  communicated  some 
very  remarkable  observations  on  the  placentation  of  the  Armadillo, 
llie  gravid  uterus  he  examined  contained  four  foetuses.  When  the 
uterine  cavity  was  opened  a  single  pear-shaped  sac  was  exposed,  which 
appeared  to  be  the  chorion  of  a  single  embryo.  The  superior  pole  of 
the  chorion  was  thin  and  non -villous,  but  its  median  part  was  thick, 
spongy,  and  vascular,  and  extended  in  a  zonary  manner  around  the 
chorioa  The  borders  of  this  zone  were  scooped  out  into  four  lobes 
with  rounded  contours.  The  part  of  the  chorion  below  this  zone  -was 
thin  and  delicate,  nevertheless  some  vascular  vUli  could  be  seen,  which 
diappeared  towards  the  pole  corresponding  to  the  neck  of  the  uterus. 
The  zonary  placenta  received  four  groups  of  arteries  and  veins  at  its 
upper  border,  each  group  being  distributed  to  one  of  its  four  lobes,  so 
that  this  zone,  instead  of  being  as  in  other  zonoplacentalia,  a  single 
organ,  was  really  composed  of  four  discoid  placentae  fused  together  by 
their  lateral  borders. 

When  the  chorion  was  opened  into,  four  foetuses  were  found  in  its 
interior,  closely  packed  together,  but  enveloped  each  by  its  own 
amnion.  The  amniotic  sacs  were  very  distinct  at  the  lower  part,  but 
thoy  were  fused  together  at  the  end  situated  above  the  placental  zone. 
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The  funis  of  each  embryo  was  very  elongated,  not  twisted  into  a 
spiral,  and  was  contained  within  the  amnion.  When  the  development 
is  but  little  advanced  the  amniotic  sacs  are  distinct  and  complete,  but 
in  the  latter  stages  of  gestation,  they  become  fused  together  at  their 
points  of  contact,  so  that  the  amniotic  sacs  tend  to  communicate  with 
each  other. 

The  allantois  is  but  little  developed  and  no  trace  of  it  can  be  seen 
externally,  but  if  the  cord  be  dissected  its  remains  appear  as  a  small 
librous  band  in  relation  with  the  urinary  bladder.  'Lhe  urachus  was 
distinct.  The  chorion  was  readily  detached  from  the  uterine  wall; 
the  connection  between  its  villi  and  the  corresponding  uterine  surface 
was  slight ;  the  structure  seemed  to  indicate  the  presence  of  a  decidua, 
bat  on  this  point  M.  Alphonse  Milne-Edwards  could  not  speak  with 
certainty,  for  the  specimen  had  been  for  some  time  preserved  in  spirit. 

The  inclusion  of  four  foetuses  in  a  common  chorion  is  a  most 
remarkable  fact  in  the  placentation  of  this  species  of  Armadillo,  and  one 
for  which  it  is  not  easy  to  find  a  rational  explanation ;  it  can  only  be 
solved  when  the  dsvelopment  of  the  ovum  of  this  animal  has  been 
followed  out  from  its  commencement.  The  author  concludes  with  a 
statement,  similar  to  that  made  by  Turner  in  this  Journal^  vol.  x.  p. 
786,  that  there  is  no  uniformity  in  the  mode  of  placentation  of  the 
Edentata. 


"5  DIE  LEITUNGSBAHNEN  IM  GEHIRN  UND  RUCKENMARK 
DES  MENSCHEN  AUF  GRUND  ENTWICKELUNGS- 
GESCHICHTLICHER  UNTERSUCHUNGEN.  Dr  Paul 
Flechsig.     Mit  20  Lithographirten  Tafeln.     Leipzig,  1876. 

{Abstract  by  Dr  W.  J.  Dodds.) 

This  volume  forms  one  of  the  most  important  contributions  of  recent 
times  to  the  anatomy  of  the  central  nervous  system.  It  is  full  of 
new  matter.  It  opens  out  to  us  two  new  methods  of  investigating 
the  subject,  viz.,  the  macroscopic  method  of  the  development  of  the 
medulkrwhite,  and  the  microscopic  method  of  the  development  of  the 
medulla  or  white  substance  of  Schwann.  The  results  attained  by  these 
methods  we  shall  now  endeavour  to  unfold. 

The  first  part  of  the  work  is  on  the  order  of  development  of  the 
medvUa-white  (mark-weiss),  that  is,  the  mature  white  matter  or 
medulla  as  distinguished  macroscopically  from  the  grey,  hyaline, 
immature  medulla.  In  a  foetus  25  ctm.  long,  the  medulla-white 
was  seen  in  Burdach's  column.  In  one  of  32  ctm.,  in  the  upper 
cervical  portion  of  the  anterior  column,  in  the  posterior  longitudinal 
fasciculus  of  the  medulla,  and  in  the  oculomotor,  facial,  and  auditory 
nervea  Somewhat  later,  in  the  outer  parts  of  the  remaining  portions  of 
the  anterior  column,  adjoining  the  anterior  comua,  in  the  anterior  half 
of  the  lateral  column,  the  fiUct,  the  posterior  peripheral  part  of  the 
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lateral  colamn,  tke  anterior  part  of  the  internal  motor  field  of  the 
oblongata,  portions  of  the  restiform  body  up  to  the  superior  vermifomi 
process,  the  ascending  root  of  the  lateral  mixed  system,  the  6th, 
4th,  3rd,  and  9th  nerves.  In  a  38  ctm.  foetus,  a  portion  of 
the  posterior  cerebral  commissure  showed  the  medulla-white  appear- 
ance. In  a  foetus  of  44  ctm.,  the  medulla  was  fully  developed  in  the 
rest  of  the  superior  vermiform  process,  in  the  flocculus,  the  nucleus 
dentatuB,  the  crura  cerebelli  and  corpora  quadrigemina,  the  brachia  con- 
junctiva postica,  the  whole  of  the  posterior  commissure,  and  in  portions 
of  the  internal  capsule.  In  a  foetus  46  ctm.  in  length,  the  medulla- 
white  was  seen  as  a  small  strip  in  the  crusta ;  it  was  also  seen  in  the 
pons,  in  the  laminsB  medullares  of  the  lenticular  nucleus,  and  in  a  ^ 

tract  extending  from  the  internal  capsule  and  lenticular  nucleus  to  the  ' 

upper  part  of  the  ascending  parietal  convolution.  In  foetuses  from  49 
to  51  ctm.  long,  the  whole  of  the  medulla  uniting  the  uppermost  parts 
of  the  ascending  convolutions  with  the  internal  capsule  and  lenticular 
nucleus  was  fully  developed,  as  also  a  strip  stretching  from  internal 
capsule  to  occipital  lobe.  At  this  period  the  grey,  hyaline  medulla 
was  no  longer  to  be  seen  in  the  spinal  cord  and  the  greater  part  of  the 
cerebellum,  and  the  pframids  began  to  assume  their  mature  appear- 
ance. A  few  days  after  Ibirth  the  cerebellum  and  pons  showed  on 
traces  of  immature  medulla,  and  before  long  the  white  matter  uniting 
the  occipital  and  temporal  lobes  with  the  basal  ganglia  had  lost  its 
embryonal  appearanca  About  three  months  after  birth  fully  formed 
medulla  was  seen  in  the  frontal  lobe.  But  in  a  child  a  little  less  than 
four  months  old,  the  fcetal  characters  of  the  medulla  still  persisted  in 
the  second  frontal  convolution,  the  anterior  part  of  the  temporo- 
sphenoidal  lobe,  the  fornix,  and  the  portions  of  the  crusta  adjoining 
the  substantia  nigra.  In  a  child  of  nine  months  the  development  of 
the  medulla  was  complete  in  all  parts  of  the  central  nervous  system. 
We  may  mention  that  in  every  region  of  the  cortex  cerebri  the  projec- 
tion fibres  were  first  developed,  then  the  fibrae  proprise,  then  the  cal- 
losal  fibres,  and  lastly,  the  association  fibres.  In  foetuses  of  equal  age 
the  appearances  presented  by  the  same  portion  of  medulla  are  remark- 
ably constant 

'  Of  what  significance  are  these  differences  in  the  order  of  develop- 
ment of  the  medulla- white  ?  Do  the  tracts  so  marked  out  represent 
what  may  be  called  systems  of  fibres  ?  Flechsig  answers  that  in  the 
main  they  do.  He  shows  that  in  the  spinal*  cord  and  medulla  oblon- 
gata the  course  of  development  of  the  naked  eye  appearance,  known 
as  medulla-white,  closely  corresponds  with  the  development  of  the 
medulla  as  observed  by  the  microscope  (see  below).  The  importance 
of  this  fact  is  seen  in  relation  to  the  anatomy  of  the  cerebrum.  The 
results  of  the  former  method  will  serve  as  a  guide  in  the  elucidation 
of  the  structure  of  this  most  complex  region  by  the  more  minute  and 
difficult  method  of  the  microscopic  development  of  the  medulla. 

The  second  part  of  the  work  is  on  the  microscopic  development  of  the 
white  matter  of  the  spinal  cord  and  medulla  oblongata.  The  develop- 
ment of  individual  fibres  is  best  seen  in  the  pyramidal  strands.     In  a 
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f  oetufi  25  ctm.  long,  the  pyramidal  fibres  are  represented  by  exceedingly 
delicate  fibrils  embedded  in  a  pale,  finely  granular  matrix ;  a  few  cells, 
in  part  resembling  connective  tissue  elements,  in  part  lymph-corpuscles, 
are  also  seen.  At  a  later  period,  dark  fatty  granules  appear  in  the 
matrix,  and  the  number  of  cells  is  very  largely  increased ;  both  cells 
and  granules  are  arranged  in  more  or  less  longitudinal  rows.  Still 
later  fatty  granules  are  observed  in  many  of  thei  cells,  and  the  matrix 
pi'esents  the  appearance  of  a  longitudinally  striped,  highly  refractile 
mass,  which  has  all  the  characters  of  medulla.  Flechsig  agrees  with 
Jastrowitz,  that  the  fat  of  the  matrix  is  not  carried  from  the  blood  by 
the  wandering  granule-cells,  but  is  formed  in  loco.  The  function  of 
the  granule-cells  is  unknown.  It  may  be  that  they  bear  away  the 
superfluous  fat  that  is  produced  during  the  formation  of  the  medulla, 
or  that  they  absorb  the  fat  of  the  matrix,  returning  it  transformed 
into  medulla ;  or  lastly,  that  they  have  nothing  whatever  to  do  with 
the  meduUa,  this  being  a  purely  nervous  element  formed  from  the  axis- 
cylinder. 

All  the  fibres  do  not  receive  their  medullary  investment  at  the 
same  time ;  on  the  contrary,  some  groups  of  fibres  have  a  complete 
coating  of  medulla  months  earlier  than  others.  The  fibres  first 
invested  with  medulla  are  those  of  the  ground-bundle  of  the  anterior 
column;  then  follow  in  order  those  of  the  ground-bundle  of  the 
posterior  column  (Burdach's  column),  the  mixed  zone  of  the  lateral 
column,  the  limiting,  layer  of  the  lateral  column,  GoU's  column,  the 
direct  cerebellar  tract^  and  lastly,  the  fibres  of  the  pyramidal  tracts. 
In  the  oblongata,  the  order  of  development  of  the  medulla  is  as  follows : 
— First,  in  the  posterior  longitudinal  fasciculus,  then  successively  in 
Burdach's  column,  in  the  ascending  root  of  the  lateral  mixed  system, 
the  ascending  root  of  the  5th  nerve,  the  antero-extemal  bundles  of  the 
formatio  reticularis,  the  inner  division  of  the  cerebellar  peduncle,  a 
portion  of  the  corpus  restiforme,  the  great  mass  of  the  formatio 
reticularis,  the  inter-olivary  fibres,  another  portion  of  the  restiform 
body,  and  lastly,  in  the  pyramids  and  a  third  portion  of  the  restiform 
body. 

The  question  arises — Have  these  groups  of  fibres  any  special 
significance  1  Do  they  represent  a  natural  division  of  the  cord  and 
medulla  oblongata )  In  the  case  of  the  pyramidal  tracts  they  do ; 
for,  as  Flechsig  shows,  these  tracts  consist  exclusively  of  fibres  which 
form  a  direct  communication  between  the  grey  matter  of  the  cord  and 
the  corpus  striatum  or  cerebral  cortex.  In  other  words,  these  tracts 
constitute  what  may  be  termed  a  distinct  system  of  fibres.  The  direct 
cerebellar  tract  and  GoU's  column  also  form  distinct  systems ;  indeed, 
all  the  groups  given  above  are  either  systems  of  fibres  complete  in 
themselves  or  combinations  of  several  systems.  The  order  of  develop- 
ment of  the  medulla  furnishes  us  therefore  with  a  systematic  division 
of  the  white  matter. 

The  question  immediately  suggests  itself,  Are  not  the  axis-cylinders 
themselves  laid  down  in  successive  groups?  is  not  their  order  of 
development  also  a  systematic  one  9    In  the  case  of  the  pyramids, 
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the  anterior  colamn  ground-bandies,  the  direct  cerebellar  tracts,  and 
Goirs  columns,  Flechsig  shows  that  a  constant  period  of  four  to  four  and 
a  half  months  intervenes  between  the  first  appearance  of  axis-cylinder 
and  its  complete  investment  with  medulla  ;  and  he  argues  that  as  the 
latter  process  is  systematic,  it  is  probable  the  development  of  the 
axis-cylinder  is  also  systematic.  Direct  observation  confirms  this,  for 
the  pyramids,  Goll's  Oolumns,  and  the  anterior  spinal  roots,  when  first 
formed,  are  distinct  from  all  other  bundles  of  axis-cylinders. 

The  axis-cylinders  of  the  posterior  longitudinal  fasciculus  and  of 
the  ground-bundle  of  the  anterior  column  appear  as  early  as  the  fourth 
week  of  foetal  life ;  those  of  the  ascending  root  of  the  5th  nerve  are 
seen  at  the  sixth  week ;  those  of  the  direct  cerebellar  tract  and  of 
GoU's  column  about  the  ninth  week ;  and  those  of  the  pyramidal 
tracts  not  until  the  fifth  month.  The  following  is  a  generalisation  of 
the  order  of  development  of  the  fibres : — (1)  fibres  running  between 
central  grey  matter  and  periphery ;  (2;  fibres  running  between 
different  parts  of  central  grey  matter;  (3)  fibres  running  between  ' 

central  grey  matter  on  the  one  hand  and  the  cerebellum  and  ganglia 
of  the  tegmentum  on  the  other ;  and  (4)  fibres  running  between 
ganglia  of  crusta  (perhaps  also  cortex  cerebri)  and  central  grey  matter. 
It  will  be  observed  that  the  fibres  necessary  for  simple  reflexes  are 
developed  first,  those  for  voluntary  motor  acts  last. 

To  the  question.  What  conditions  this  successive  development  of 
tracts  of  fibres )  no  definite  answer  can  be  given.  We  should  expect 
that  it  would  depend  on  the  successive  ripeuing,  so  to  speak,  of  the 
groups  of  mother-cells  from  which  the  tracts  arise,  the  cells  of  the  ..  J 
grey  matter  having  an  order  of  development  parallel  to  that  of  the 
axis-cylinders  and  medulla.  At  this  point,  Flechsig^s  research 
touches  on  the  subject  of  Boll's  and  Eichorst's  investigations.  Boll, 
for  example,  has  shown  that,  while  the  cells  of  the  spinal  cord  of  a 
chick  are  distinguishable  on  the  third  day,  those  of  the  cortex  cerebri 
are  not  seen  till  the  seventh  day.  A  full  inquiry,  however,  into  the 
successive  development  of  the  cells  of  the  grey  matter  has  yet  to  be 
made. 

The  mode  of  origin  of  the  pyramidal  strands  is  discussed.  That 
they  are  formed  in  loco,  from  cells  pre-existing  in  the  locality,  is  im- 
probable on  several  grounds.  (1.)  They  appear  with  extraordinary  ^ 
rapidity,  e,g,,  at  the  beginning  of  the  fifth  month  the  pyrandds  are 
not  to  be  seen,  but  by  the  middle  of  the  month  they  form  one-ninth  of 
the  transverse  section  of  the  medulla  oblongata.  (2.)  Notwithstanding 
the  great  variations  in  the  distribution  of  the  pyramidal  strands, 
those  belonging  to  one  pyramid  (see  sequel)  are  equal  to  those 
belonging  to  the  other.  Thpse  difficulties  vanish  if  we  hold  that  the 
pyramids  and  pyramidal  strands  grow  from  above  downwards.  Fur- 
ther support  is  lent  to  this  view  by  the  following  considerations : — 
First,  actual  observation  has  shown  that  the  medulla  of  these  fibres 
is  developed  from  above  downwards,  and  the  formation  of  the  medulla 
we  have  seen,  is  in  all  probability  but  a  repetition  of  that  of  the  axis- 
cylinder  ;  secondly,  in  cases  of  acranus,  the  pyramids  and  pyramidal 
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u  sfcrands  are  awanting ;  and  thirdly,  the  outer  conformation  of  the  cord 

sometimes  indicates  that  the  pyramidal  strands  of  the  anterior  column 
are  simply  an  annex  to  the  ground-hundle.  The  decussation  of  the 
pyramids  can  be  explained  consistently  with  the  downward  growth  of 
the  fibres.  According  to  flechsig,  the  fibres  simply  follow  the  direc- 
tion of  least  resistance  (for  particulars  aeeop.  cit,,  p«  203). 

A  chapter  is  devoted  to  the  subject  of  secondary  degeneration  con- 
sidered as  an  aid  to  the  anatomy  of  the  central  nervous  system.  The 
results  are  given  of  an  examination  of  three  cases  of  ascending,  and 

»  '  nine  cases  of  descending  degeneration.    Flechsig  finds  that  the  divisions 

of  the  spinal  cord  and  medulla  oblongata,  as  mapped  out  by  secondary 

f  degeneration,  coincide  with  those  determined  by  the  development  of 

I  the  medulla.      He  confirms  Tiirck's  observation  that  in  cases  of 

ascending  degeneration  the  direct  cerebellar  tracts  and  GoU's  columns 
are  the  only  bundles  affected.  The  pyramidal  strands  of  the  anterior 
^  column  do  not  always  arise  from  the  same  portion  of  the  lenticular 

nucleus,  showing  that  the  fibres  of  these  strands  are  not  always  the 
same. 

The  third  part  of  the  work  gives  the  anatomical  results  of  the 
investigations  into  the  development  of  the  medullary  substance.  We 
shall  merely  note  some  of  the  more  important  conclusions  arrived  at 

The  white  matter  of  the  cord  is  divided  into  the  following  seven 
tracts  or  strands : — 

^(l.)  The  pyramidal  tracts. — The  fibres  of  the  pyramidal  on  reach- 
ing the  decussation  take  one  of  two  courses;  they  either  cross  to 
^  the  lateral  column   of  the  opposite  side,   or  pass  downwards   in 

the  anterior  column  of  the  same  side.  Thus  the  pyramidal  tract 
of  the  lateral  column  consists  of  crossed,  that  of  the  anterior  column 
of  uncrossed,  fibres.  The  proportion  of  crossed  to  uncrossed  fibres 
is  very  variable  in  different  cases.  There  may  be  (a)  complete 
decussation  of  both  pyramids,  all  the  fibres  crossing  to  the  opposite 
lateral  columns ;  (6)  complete  decussation  of  one  pyramid,  incomplete 
of  the  other;  or  (c)  incomplete  decussation  of  both  pyramids.  In 
this  last  case  the  anterior  columns  may  contain  from  90  per  cent, 
downwards  of  the  pyramidal  fibrea  Further,  the  distribution  of 
w.  the  pyramidal  fibres  may  be  symmetrical  or  nnsymmetrical ;  in  other 

^  words,  the  pyramidal  tracts  of  the  anterior  or  lateral  columns  of  one 

rside  may  be  equal  or  unequal  to  the  corresponding  tracts  of  the 
opposite  side.  But  no  matter  what  the  distribution  of  the  pyramidal 
fibres  is,  the  sum  of  the  fibres  belonging  to  the  pyramid  of  one  side 
is  equal  to  the  sum  of  the  fibres  belonging  to  the  pyramid  of  the 
opposite  side — that  is,  the  left  anterior  plus  the  right  lateral  tract  is 
equal  to  the  right  anterior  plus  the  left  lateral  tract .  This  is  the 
law  of  the  compensatory  relation  of  the  pyramidal  strands.  In  the  few 
,  cases  in  which  this  rule  does  not  hold  good,  the  pyramids  themselves 

f  are  found  to  be  of  unequal  size.    The  mode  of  division  of  the  pyramids 

»  is  so  variable  that  no  type  or  standard  arrangement  can  be  fixed. 

^  Most  frequently,  however,  there  are  four  pyvsmidal  tracts,  one  in  each 

:  anterior  and  lateial  column.     The  anterior  tnMt  generally  contains 
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from  3  to  9  per  cent,  of  the  pyramidal  fibres.  These  variatioiiB  have 
an  important  bearing  on  questions  of  pathology  and  clinical  medicine. 
For  example,  the  atrophy  of  the  antero-lateraL  columns  after  cases  of 
the  loss  of  a  limb,  may,  for  anything  we  know,  have  been  in  reality 
cases  of  asymmetry,  for  hitherto  authors  have  never  thought  of  dis- 
tinguishing between  the  two  conditions.  The  same  lesion  may,  in 
different  cases,  produce  different  results — e.g.y  lesion  of  one-half  of  the 
cord  may  in  one  case  cause  paralysis  on  one  side ;  in  another,  paralysis  on 
both  sides.  Incompleteness  in  the  downward  growth  of  the  pyramids, 
and  in  their  connection  with  the  grey  matter  of  the  cord,  is  probably 
the  explanation  of  some  of  the  cases  of  paralysis,  defective  co-ordina- 
tion, &c.,  observed  at  birth. 

The  pyramidal  fibres  of  the  lateral  column  run  in  the  posterior  half 
of  the  column.  However  slightly  developed,  they  can  always  be  traced 
as  far  as  the  inferior  limit  of  the  lumbar  enlargement  They  are  lost 
in  the  grey  substance  between  the  anterior  and  posterior  comua.  They 
seem  to  pass  in  the  direction  of  the  anterior  commissure ;  but  that  this 
i3  their  destination  is  improbable,  because  the  fibres  of  the  comndssure 
are  coarse ;  those  of  the  pyramided  tract  fine.  At  the  most,  only  a  few 
fibres  can  pass  directly  into  the  anterior  roots;  because  (1)  in 
secondary  degeneration  of  the  lateral  tracts,  the  anterior  roots  are  intact ; 
(2)  the  fibres  of  the  anterior  roots  are  medullated  when  those  of  the 
lateral  tracts  are  non-medullated ;  and  (3)  the  fibres  of  the  roots  are 
coarse,  those  of  the  tracts  fine.  The  pyramidal  fibres  of  the  anterior 
column  occupy  the  inner  part  of  the  column.  They  may  extend 
no  further  than  the  cervical  enlargement,  or  be  found  as  low*  as  the 
lumbar  enlargement  It  is  not  known  whether  they  decussate  in  the 
anterior  commissure  with  the  fibres  of  the  opposite  sida  In  the 
medulla  they  always  form  the  most  external  bundle  of  the  pyramid. 

(2.)  The  direct  cerebellar  trad, — ^The  main  bundle  lies  immediately 
Under  the  pia,  external  to  the  lateral  pyramidal  tract  It  is 
bounded  in  front  by  the  mixed  zone'  behind  by  the  posterior  nerve- 
roots,  and  in  the  lower  dorsal,  and  lumbar  region  by  the  lateral 
pyramidal  tract  Other  fibres  are  found  scattered  through  the  adjoin- 
ing systems.  They  are  most  numerous  in  the  lower  part  of  the  cord  ; 
superiorly  they  are  gathered  into  the  main  bundle  just  described. 
The  cerebellar  tracts  can  be  distinguished  at  the  level  of  the  third 
lumbar  nerve.  In  their  passage  upwards  to  the  restiform  body,  they 
continually  increase  in  section^  area,  the  increase  being  most  marked 
between  the  second  lumbar  and  fourth  dorsal  nerres.  !nieir  fibres  can 
be  traced  to  the  grey  matter  in  the  neighbourhood  of  Clarke's  columns ; 
and  though  their  termination  in  the  cells  of  Clarke's  columns  has  not 
yet  been  demonstrated,  such  a  connection  is  probable  on  many  grounds. 
There  is  no  reason  to  suppose  that  they  are  directly  continuous  with 
the  sensory  roots  which  enter  Clarke's  columns.  Fibres  of  similar 
calibre  to  those  of  the  direct  cerebellar  tract  enter  Clarke's  columns 
from  the  anterior  commissure  and  anterior  comua,  but  their  relation  to 
the  cerebellar  fibres  is  not  yet  known. 

(d.)  TIte    limiting  layer  of  the  lateral  oolti^Hn. — ^The  relations  of 


. 


i 


'   -% 


NOTICES  OF  NEW  BOOKS.  263 

this  layer  vaiy  at  different  heights.  It  is  saffioient  to  say  here  that  it 
borders  the  grey  matter  of  the  cord,  and  is  surrounded  in  other 
directions  by  the  mixed  zone,  and  the  lateral  pyramidal  tract.  At  the 
level  of  the  first  and  seeond  cervical  nerves  it  is  pierced  by  a  network 
of  grey  matter  in  connection  with  the  anterior  comua,  and  thereby 
broken  up  into  a  great  number  of  bundles.  In  the  medulla  it  is  pro- 
bably represented  by  that  part  of  the  f  ormatio  reticularia  which  lies 
between  the  nuclei  of  the  8tii  and  9th  nerves,  on  the  floor  of  the  fourth 
ventricla  The  termination  of  the  fibres  is  unknown^  They  pass  in 
the  direction  of  the  anterior  commissure,  but  appear  to  bend  sharply 
forwards  and  outwards,  without  entering  it ;  they  are  apt  to  be  con- 
founded with  the  lateral  pyramidal  fibres.  In  the  cervical  enlargement, 
and  in  the  dorsal  and  upper  lumbar  portions  of  the  cord,  bundles  of  longi- 
tudinal fibres  are  found  between  this  layer  and  the  grey  matter,  and  also 
embedded  in  the  adjacent  giey  matter.  These  belong  in  part  to  the 
cerebellar  tract,  and  in  part  to  the  posterior  nerve-roots,  from  which  they 
arise  directly.  In  the  upper  cervical  region,  the  roots  of  the  accessorius 
are  the  homologues  of  these  bundles. 

(4.)  J%e  mixed  zone  of  tfie  lateral  column. — ^This  zone  contains 
both  coarse  and  fine  fibres — the  former  predominating  in  the  lower 
part  of  the  cord;  the  latter  in  the  upper  cervical  part  Of  the 
coarse  fibres,  some  pass  to  the  anterior  nerve-roots  (^  the  anterior 
comua),  others  to  the  anterior  commissure,  others  again  to  the  anterior 
comua ;  the  conuection  of  these  last  with  the  ganglion-cells  has  not 
been  made  out.  The  fine  fibres  lose  themselves  in  the  fine  plexus  of 
the  grey  matter,  Superiorly,  some  of  the  fibres  seem  to  re-enter  the 
grey  matter.  The  greater  number  of  them,  however,  pass  on  to  the 
medulla  oblongata,  where  they  are  found  in  the  anterior  part  of  the 
f ormatio  reticularis,  behind  and  external  to  the  olivary  body ;  indeed, 
a  few  fibres  probably  enter  the  body.  The  distinction  between  limit- 
ing layer  and  mixed  zone  is  not  recognisable  in  the  lumbar  enlarge- 
ment 

(3.)  Ths  ground-bundle  of  the  anterior  column. — This  consists 
of  the  anterior  column  minus  the  pyramidal  tract  Its  fine  fibres 
spring  from  the  anterior  comu  of  the  same  side ;  its  coarse  fibres  from 
the  anterior  nerve-roots  and  groy  matter  of  the  opposite  side  by  way 
of  the  anterior  commissure ;  a  few  also  from  the  anterior  comu  of  the 
same  side.  Superiorly  it  is  for  the  most  part  continuous  with  the  pos- 
terior longitudinal  fasciculus  of  the  oblongata ;  a  few  fibres,  however, 
go  to  the  inner  part  of  the  motor  field.  We  may  mention  that 
Elechsig's  ground-bundle,  mixed  zone,  and  limiting  layer  together  con- 
stitute the  ^  zones  radiculaires  ant^rieures  '*  of  Pierrot  and  Charoot 

(6.)  GfoWe  column, — ^This  fasciculus  comprises  that  portion  of 
the  posterior  column  which  bounds  the  posterior  median  fissure.  It  is 
limited  externally  by  a  connective  tissue  septum.  It  probably  ex- 
tends from  oblongata  to  lumbar  enlargement^  but  developmentally  it 
is  only  definable  in  the  cervical,  and  the  upper  third  of  the  dorsal 
region.  It  receives  fibres  from  (a)  the  inner  aspect  of  the  posterior 
comu,  particularly  the  vicinity  of  Clarke's  columns;  and  (b)  the  pos- 
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terioi  columns  and  Clarke's  columns,  by  way  of  the  posterior  commis- 
sure and  septum  posterius, — whether  of  the  same  or  the  opposite 
side  is  not  known.  The  greater  part  of  the  fibres  end  superiorly 
in  the  post-pyramidal  nucleus  of  Clarke  (the  clava,  or  Kerne  der  zarten 
Strange  of  authors). 

(7.)  Hie  ground-bundle  of  the  posterior  column^  or  BurdoMs 
column. — ^This  consists  of  the  posterior  column  minus  QoU's  column. 
It  varies  much  in  size  at  different  heights,  the  variations  being 
due  to  its  connection  with  the  posterior  nerve-roots.  Whether  all 
the  fibres  are  direct  continuations  of  the  posterior  roots  is  uncertain ; 
probably  some  have  a  different  origin.  Numerous  fibres  leave  the 
bundle  and  pass  in  the  direction  of  the  posterior  commissure,  the 
anterior  comu,  and  the  column  of  Clarke.  But  many  fibres  remain 
and  continue  onwards  to  the  medulla,  where  they  end  for  the  most 
part  in  the  nuclei  of  Burdach's  column  (Kemen  der  Keilstrange).  It 
is  possible  that  some  of  the  fibres  become  fibrse  aicuatse,  and  terminate 
in  the  oHvary  body. 

The  seven  systems  whose  anatomy  we  have  briefly  described  may 
be  divided  into  two  classes, — (1.)  Those  whose  sectional  area  varies  at 
different  parts  of  the  cord  with  the  number  of  nerve  fibres  therein 
arising.  This  group  includes  the  ground-bundles  of  the  anterior  and 
posterior  columns,  and  the  limiting  layer  and  mixed  zone  of  the 
lateral  column.  For  the  most  part  they  spring  from  the  nerve-roots, 
either  directly  or  after  the  mediation  of  grey  matter.  They  are  found 
through  the  whole  length  of  the  cord.  They  terminate  mainly  in  the 
ganglion-cells  of  the  formatio  reticularis,  but  also  in  Burdach's  nuclei, 
the  olivary  body,  and  the  optic  thalamus ;  in  the  last  two  instances  it  is 
doubtful  whether  the  connection  is  a  direct  one.  Some  of  the  fibres  are 
commissural,  associating  different  parts  of  the  grey  matter  of  the  cord. 
(2.)  Those  whose  sectional  area  continually  increases  from  below  up- 
ward&  To  this  set  belong  the  pyramidal  tracts,  the  direct  cerebellar 
tract,  and  Goll's  column.  These  connect  the  spinal  cord  with  the 
cerebrum,  the  cerebellum,  and  the  post-pyramidal  nucleus  of  the  oblon- 
gata.    They  are  not  found  in  the  lowest  part  of  the  cord. 

The  medulla  oblongata  is  described  under  the  heads  of — (1)  Pyra- 
mids, (2)  cerebellar  peduncles,  (3)  internal  field  of  oblongata,  and  (4) 
external  field. 

(1.)  The  pyramids  increase  in  size  as  they  pass  upwards.  This  in- 
crease is  prol^bly  due  to  the  pyramidal  strands  of  the  cord  being 
joined  by  (a)  fibres  of  the  medulla  equivalent  to  the  spinal  fibres,  (b) 
fibres  of  ttie  fibrae  arcuatee,  and  (c)  fibres  of  the  pon&  Hitherto  it 
has  been  generally  held  that  fibres  also  pass  from  the  post-pyramidal 
nucleus  (nucleus  of  GrolFs  column)  to  the  pyramids  by  way  of  the 
superior  decussation.  This  Flechsig  combats  on  the  grounds,  first 
that  the  fibres  of  the  superior  decussation  are  developed  much  earlier 
than  those  of  the  pyramids  and  differ  from  these  ia  character ;  second, 
that  a  great  part  of  the  fibres  of  the  decussation  can  be  actually  traced 
to  the  neighbourhood  of  the  olivary  body ;  and  third,  that  in  certain 
cases  the  superior  decussation  remains  intact  when  the  pyramids  are 
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entiielj  absent  On  these  grounds  the  author  concludes  that  the  so- 
called  superior  decussation  of  the  pyramids  has  nothing  whatever  to 
do  with  the  pyramids.  Flechsig  has  little  to  say  about  the  central 
terminations  of  the  pyramids.  He  states  that  most  of  the  fibres  end 
in  the  lenticular  nucleus :  whether  any  pass  to  the  caudate  nucleus  or 
cortex  cerebri  directly  is  doubtful 

(2.)  The  cerebellar  peduncU  is  divided  on  developmental  grounds 
into  an  outer  portion  (corpus  restiforme),  and  an  inner.  The  resti- 
form  body  is  composed  of  (a)  direct  cerebellar  fibres,  (b)  fibres  from 
the  region  of  the  olivary  body  and  from  the  formatio  reticularis,  and 
(c)  fibres  from  the  pyramid.  The  mode  of  termination  of  these  fibres 
in  the  cerebellum  is  not  described. 

(3.)  The  intemai  field  lies  between  the  floor  of  the  fourth  ventricle 
ana  the  pyramid,  and  is  bounded  mesially  by  the  raphe,  laterally  by 
the  root  of  the  9th  nerve.  It  is  made  up  of  the  posterior  longi- 
^  tudinal  fasciculus,  the  mesial  portion  of  the  formatio  reticalariS)  and 

the  inter-olivary  tract  The  posterior  longitudinal  fasciculus  is,  as 
already  remarked,  a  continuation  of  the  ground-bundle  of  the  anterior 
column.  Anteriorly  it  can  be  traced  into  the  vicinity  of  the  posterior 
cerebral  commissure,  further  forwards  it  is  lost  Meynert's  statement 
that  it  ends  partly  in  the  grey  matter  of  the  third  ventricle,  partly  in 
the  ganglion  of  the  peduncular  loop,  is  erroneous.  Probably  only  a 
few  of  the  fibres  of  the  mesial  division  of  the  formatio  reticularis  are 
directly  continuous  with  the  fibres  of  the  ground-bundle  of  the  anterior 
column;  developmentally  they  are  allied  rather  to  the  inter-olivary 
tract,  and  the  formatio  reticularis  of  the  external  field.  There  is  a 
considerable  increase  in  the  number  of  these  fibres  from  below  upwards. 
Deiters'  explanation  of  this — ^and  Flechsig  accepts  it — ^is  that  the  new 
fibresare  derived  from  the  large  multipolar  cells  thatare  scattered  through 
this  portion  of  the  medulla ;  superiorly  many  of  the  fibres  terminate  in 
the  optic  thalamua  The  position  of  the  interK)livaiy  tract  is  sufficiently 
indicated  by  its  name.  It  is  probable  that  its  fibres  do  not  all  belong 
to  the  same  system :  some  appear  to  be  connected  by  means  of  the 
superior  decussation  with  the  nucleus  of  Goll's  column,  others  with 
the  olivary  body,  others  again  with  the  ganglion-cells  of  the  raphe. 
^  Most  of  the  fibres  end  in  the  fillet  of  the  corpora  quadrigemina.     It  is 

doubtful  whether  any  are  directly  continuous  with  the  pedunculus 
substantia  nigrse. 

(4.)  The  external  field  comprises  what  is  left  of  one-half  of  the 
medulla  when  the  pyramid,  cerebellar  peduncle,  and  internal  field 
have  been  taken  away.  In  it  are  comprised  the  region  of  the  olivary 
body,  and  the  lateral  portion  of  the  formatio  reticidaris.  The  relation 
of  the  former  to  the  spinal  cord,  Flechsig  has  been  unable  to  deter- 
mine. All  he  can  state  from  his  own  observations  is,  that  its  position 
in  the  medulla  corresponds  to  that  of  the  mixed  zone  of  the  lateral 
column  and  the  outer  portion  of  the  ground-bundle  of  the  anterior 
column.  The  connections  of  the  olivary  body  with  cerebellar  peduncle 
and  fillet  have  been  already  alluded  to.  The  lateral  portion  of  the 
formatio  reticularis  is  analogous  in  its  position  to  the  limiting  layer 
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and  mixed  aone  of  the  lateral  columzii  the  fibres  of  the  former 
passing  into  the  region  adjoining  the  floor  of  the  fourth  ventricle,  those 
of  the  latter  into  the  region  adjoining  the  olivary  body.  Development 
teaches  us,  however,  that  only  a  smsdl  portion  of  the  fibres  are  duectly 
continuous  with  those  of  the  mixed  zone.  Others  are  connected  with 
the  limiting  layer,  and  others  probably  with  the  large  multipolar  gang- 
lion-cells that  lie  scattered  through  these  parts.  Superiorly  the  fibres 
terminate  chiefly  in  the  optic  thymus.  In  all  likelihood  the  formatio 
reticularis  is  connected  with  many  other  systems  through  its  laige 
ganglion-cells,  e.  g,f  with  the  cerebellar  peduncles,  the  nuclei  of 
Burdach's  columns,  the  nerve-nuclei  of  the  oblongata;  at  present, 
however,  these  connections  remain  hypothetical 

Attention  is  drawn  to  the  lateral  column  nucleus,  a  collection  of 
cells  that  appears  in  the  region  of  the  inferior  decussation,  between 
the  mixed  zone  and  the  pyramidal  tract  of  the  lateral  column,  and 
attains  its  greatest  development  at  the  level  of  the  superior  decussa*  ^ 

tion.  Some  of  the  fibres  of  the  mixed  zone  apparently  terminate 
in  it 

Viewing  the  composition  of  the  medulla  as  a  whole,  we  may  divide 
its  fibres  into  three  sets : — (1.)  Fibres  which  are  direct  continuations 
of  peripheral  nerves.  Here  are  included  the  ascending  root  of  the 
5th  nerve,  the  ascending  roots  of  the  lateral  mixed  system  (M eynert, 
the  respiratory  bundles  of  Krause),  and  the  posterior  longitudinal  fas- 
ciculus, (2.)  Fibres  which  are  in  connection  with  the  ^^  specific 
apparatus  "  of  the  medulla.  And  first,  those  that  are  in  relation  to 
the  ganglion-ceUs  of  the  formatio  reticularis  or  the  cell-groups  therein  ^ 

contained.  We  have,  on  the  one  hand,  the  fibres  from  the  mixed  zone 
and  limiting  layer  of  the  lateral  column,  those  from  the  ground- 
bundles  of  the  anterior  and  posterior  columns  (1),  those  from  the  nerve- 
nuclei  of  the  oblongata,  and  those  from  the  nuclei  of  Burdach's 
columns  (1) ;  and,  on  the  other  hand,  the  fibres  from  the  cerebellum 
and  the  optic  thalamL  Secondly,  those  that  are  in  relation  to  the 
olivary  body.  This  group  comprises  fibres  from  the  cerebellum,  the 
corpora  quadrigemina  (?),  and  the  nuclei  of  Burdach's  columns. 
Thirdly,  those  tiiat  connect  the  post-pyramidal  nuclei  with  the  spinal 
cord  and  corpora  quadrigemina,  and  Biuxiach's  nuclei  with  the  ground-  ^ 

bundles  of  the  posterior  columna     (3.)  Fibres  which  connect  the  i 

spinal  cord  with  the  cerebrum  and  cerebellum.  These  fibres  merely 
pass  through  the  medulla ;  they  have  no  termination  in  it.  Under 
this  head  are  contained  the  pyramidal  fibres,  the  direct  cerebellar 
tracts,  and  (1)  fibres  that  run  in  the  formatio  reticularis  upwards  to 
the  optic  thalamL 

The  book  closes  with  a  short  examination  of  the  bearing  of  recent 
physiological  experiments  on  the  anatomy  of  the  cord  and  medulla. 
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THE  CAUSE  OF  THE  HEAKTS  IMPULSE  HISTORICALLY 
CONSIDERED.  By  Dr  Paul  Guttmann,  Teacher  in  the  Urn- 
versity  of  Berlin. 

(From  Virchow's  Arekiv.,  Bd.  76,  1879.) 

The  recoil  theory,  an  an  explanation  of  the  canse  of  the  heart's  im- 
pulse^ has  now  for  many  years  heen  generally  adopted,  notwithstanding 
that  ohjections  have  heen  made  to  it  lliis  theory,  it  is  generally 
believed,  was  first  proposed  by  Dr  Gatbrod ;  but  this  is  an  error.  Dr 
Gutbrod  has  never  himself  published  anything  on  the  subject  The 
theory  was  first  announced  as  Gutbrod's  theory  by  Skoda  in  1837 
{Mediciniach  Jahrbitch  dee  Oesterreieh  Staatft,  bd.  xiii^  p.  234). 
Skoda,  in  his  paper,  after  discussing  several  other  theories  of  the  cause 
of  the  heart's  impulse,  says  of  Gutbrod's :  "  The  following  explanation 
of  it  by  Dr  Gutbrod,  wMch  up  to  this  time  has  never  been  published, 
win,  I  believe,  recommend  itself  to  every  one  as  the  true  cause."  Since 
then  Skoda,  in  various  editions  of  his  book  (On  AuscvltoMon  and 
Percussion),  from  1839  to  1864,  has  adopted  this  theory,  and  brought 
it  into  general  notice. 

Dr  A.  Napier,  of  Glasgow,  has  lately  called  my  attention  to  the  fact 
that  a  precisely  similar  explanation  of  the  heart's  impulse  was  proposed 
in  1825,  twelve  years  before  Skoda's  publication,  by  the  well-known 
physiciaii  Dr  Alderson  {**  On  the  Motion  of  the  Heart,"  The  Quarterly 
Journal  of  Science,  &c.,  vol  xviiL,  1825,  January,  p.  223).  After- 
wards I  found  in  P.  Niemeyer's  Tesd-Book  of  Percussion  and  Ausctdtor 
turn,  a  notice  that  Dr  Markham,  in  his  translation  of  Skoda's  work  in 
1853,  had  claimed  for  Dr  Alderson  the  priority  in  reference  to  this 
recoil  theory.  Notwithstanding  this  correction,  the  theory  of  Dr 
Alderson  has  been  almost  wholly  ignored. 

To  prove  the  identity  of  the  theories  of  Gutbrod  and  Alderson,  I 
will  give  the  very  words  in  which  it  has  been  described  by  Skoda  and 
Alderson. 

Skoda  says  that ''  the  systole  movement  of  the  heart  downwards, 
and  its  pressure  against  the  walls  of  the  chest,  are  only  explicable 
according  to  Gutbrod's  views..  It  is  a  well-known  physical  law  that, 
when  a  fluid  escapes  from  a  vessel,  the  equality  of  pressure  produced 
by  the  fluid  on  the  walls  of  the  vessel  is  lost,  for  there  is  no  pressure 
at  the  opening  whence  the  fluid  escapes ;  but  at  that  part  of  the  vessel 
which  is  opposite  to  the  opening  the  pressure  is  still  exerted.  This 
pressure  it  is  which  sets  Segner's  wheel  in  motion,  and  produces  the 
recoil  of  firearms,  &c.  By  ti^e  contraction  of  the  ventricles,  the  pres- 
sure which  the  blood  exerts  upon  the  walls  of  the  heart,  opposite  to 
the  opening  whence  the  stream  escapes,  causes  a  movement  of  the  heart 
iu  a  direction  contrary  to  that  of  the  arteries,  and  with  a  force  propor- 
tionate to  the  quantity  and  the  velocity  of  the  current  of  the  blood'' 

On  the  same  physical  principles  Alderson,  in  1825,  explained  the 
cause  of  the  heart's  impulse.     He  gives  the  description  and  a  figure  of 
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the  appaiataa,  called  Barker's  mill  (which  is  identical  with  Segner'e 
wheel).  Barker's  mill  consists  of  a  cylindrical  vessel  movable  on  a 
vertical  axis,  at  the  bottom  of  which  there  is  a  horizontal  tube.  When 
the  vertical  cylinder  is  filled  with  water,  the  water  escapes  through 
both  the  openings  on  the  opposite  sides  of  the  horizontal  tube,  and  the 
difference  of  pressure  thence  resulting  sets  the  apparatus  in  motion.  It 
is  moved  in  a  direction  contrary  to  that  of  the  flow  of  water. 

Dr  Alderson's  words  are :  "  The  effect  produced  is  a  rotatory  motion, 
arising,  not  from  the  resistance  given  to  the  issuing  fluid  by  the  air 
(for  it  would  take  place  in  vacuo),  but  from  the  want  of  resistance  to 
counteract  the  pressure  of  the  fluid  against  the  sides  of  the  horizontal 
tubes  opposite  the  orifices." 

On  this  principle  Aldeison  explains  the  cause  of  the  impulse  of  the 
heart 

"  This,''  he  says,  "  is  the  principle  I  propose  making  use  of  to 
account  for  the  motion  of  the  heart."  The  mode  of  action  he  thus 
explains :  '^  Let  us  suppose  the  aortic  orifice  to  be  closed  with  a  plug, 
retained  in  its  place  by  the  fingers,  and  that  the  ventricle  be  nov. 
allowed  to  contract,  it  is  clear  that  it  will  require  a  certain  force  to 
keep  the  plug  in  its  place — i,e,,  to  counteract  the  effect  of  the  reaction 
of  the  blood  arising  from  the  contraction  which  takes  place  in  a  similar 
portion  of  the  parietes  on  the  opposite  side  of  the  ventricle  in  a  con- 
trary direction.  If,  then,  we  remove  the  finger  and  allow  the  blood  to 
escape,  the  reaction  on  the  opposite  side  of  the  ventricle  remains  un* 
counteracted,  and  it  is  by  this  uncounteracted  force  that  the  heart  is 
moved." 

This  lucid  explanation  of  the  recoil  theory  requires  no  commentary. 

Alderson  adds  that  the  direction  of  the  heart's  impulse  is  the 
resultant  of  the  two  forces — ^the  contraction  of  the  two  ventricles. 

I  have  considered  it  a  duty  to  rescue  from  oblivion  the  almost 
forgotten  work  of  Dr  Alderson.  It  is  seldom  referred  to,  even  in 
England.^  In  other  countries,  and  especially  in  Grermany,  the  recoil 
theory  is  bound  up  with  the  names  of  Gutbrod  and  Skoda. 

In  future,  however,  if  this  theory  is  to  retain  the  name  of  an  author, 
it  must  be  called  Alderson's  Becoil  Theory  of  the  Heart's  Impulse. 

*  Dr  Napier,  at  my  request,  took  the  trouble  to  examine  what  was  said  on  this 
point  in  English  literature.  He  found  Alderson's  work  mentioned  in  Todd's 
Oydopasdia  of  Anatomy  and  Physiology,  vol.  ii.  1886 ;  in  the  translation  of 
Skoda's  work  on  AuscvMoHofi,  by  Dr  Markham,  in  1853 ;  and  by  Dr  Hayden's 
work  on  Diseases  of  the  Heart  and  of  the  Aorta,  Dublin,  1875. 
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CATALOGUE  OF  THE  SPECIMENS  ILLUSTRATING  THE 
OSTEOLOGY  AND  DENTITION  OF  VEETEBRATED 
ANIMAUS  (RECENT  AND  EXTINCT),  oootainbd  in  thb 

MUSBUX    OF    THB    ROTAL    COLLIGB    OF  SUBOBONB  OF  ENGLAND. 

By  Wm.  Hbnrt  Flowisr.    Part  L     London :  1879. 

All  anatomists  will  hear  with  satisfaction  that  a  new  Catalogue  of  the 
magnificent  collection  in  the  Museum  of  the  Royal  College  of  Surgeons 
of  England  is  in  couise  of  preparation  by  the  present  admirable  conser- 
vator, Mr  Flower.  Those  who  have  had  to  work  in  that  Museum  will 
have  experienced  the  inconvenience  that  is  caused  by  having  to  refer 
to  a  Catalogue  partly  in  print  and  partly  in  manuscript,  and  they  will 
concur  in  thanking- the  Council  of  the  College  for  the  wise  resolve  to 
have  a  new  Catalogue  prepared,  which  may  fulfil  the  present  require- 
ments of  the  Museum.  But,  whilst  hailing  with  satisfaction  the 
advent  of  a  new  catalogue,  we  must  not  neglect  to  express  our  grati- 
tude to  the  labours  of  Professor  Owen,  extending  over  so  many  years, 
for  the  admirable  series  of  descriptive  catalogues  which  have  been  up 
to  this  time  in  use. 

The  volume  now  before  us  owes  its  interest  to  containing  a  record 
of  the  valuable  and  extensive  series  of  human  crania  in  the  collection 
of  the  College.  Mr  Flower  has  not,  however,  given  a  detailed 
description  of  these  skulls,  but  has  appended  to  a  brief  statement  of 
the  locality  whence  the  skull  was  obtained,  a  note,  where  practicable, 
of  the  sex,  and  some  of  the  most  important  measurements.  These 
measurements  have  had  for  their  special  object  the  determination  of 
the  horizontal  circumference  of  the  cranium ;  its  length  from  the  most 
projecting  part  of  the  occiput  to  the  qpkryon,  a  point  situated 
immediately  above  the  glabella ;  its  height  from  the  anterior  border  of 
the  foramen  magnum  to  the  point  of  junction  of  the  sagittal  and 
coronal  sutures ;  its  greatest  breadth  in  the  parietal  region ;  and  its 
internal  capacity;  whilst  the  measurements  of  the  face  have  been 
taken  so  as  to  determine  the  height  and  width  of  the  nose,  the  height 
and  width  of  the  orbit,  the  length  from  the  anterior  border  of  the 
foramen  magnum  on  the  one  hand  to  the  fronto-nasal  suture — ^the 
basi-nasal  difuneter ;  and  on  the  other  to  the  most  projecting  part  of  the 
upper  jaw — the  basi-alveolar  diameter. 

From  these  measurements  the  relations  of  the  length  of  the  cranium 
to  its  breadth  and  to  its  height^  the  relations  between  the  height  and 
width  of  the  nose  and  of  the  orbit,  and  the  projection  of  the  upper 
jaw  have  been  calculated  and  expressed  numerically.  The  mea- 
surements of  the  individual  skulls  have  then  been  collected,  reduced 
to  averages  in  each  geographical  group,  and  then  tabulated.  The 
characters  derived  from  the  measurements  are  expressed  in  a  nomen- 
clature introduced  mainly  by  M.  Paul  Broca,  which  nllows  of  the 
medium  conformation  being  stated  as  well  as  the  more  extreme  forms. 
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Thus,  as  regards  the  important  relation  of  length  to  breadth,  whilst 
some  crania  are  dolicocephalic,  with  the  latitudinal  index  below  750 ; 
others  are  brachycephalic  with  that  index  above  800 ;  and  others  again 
are  mesaticephalic  with  the  index  from  7riO  to  800.  The  nasal  index, 
/.&,  nasal  width  x  100,  divided  by  nasal  height,  may  be  either  lepto- 
rhine  when  below  480,  platyrhine  when  above  530,  or  mesorhine  when 
from  480  to  530.  The  orbital  index,  t.6.,  orbital  height  x  100, 
divided  by  orbital  width,  may  be  either  microsome  when  below  840, 
megaseme  when  above  890,  or  mesoseme  when  from  840  to  890.  The 
alveolar  index,  z.6.,  the  basi-alveolar  diameter  x  lOO,  divided  by  the 
basi-nasal  diameter,  may  be  either  orthognathous  when  below  980, 
prognathous  when  above  1030,  or  mesognathous  when  from  980  to 
1030.  Similarly  the  cubic  capacity  of  the  cianium  may  be  either 
microcephalic  when  below  1350  cubic  centimetres,  megacephalic  when 
above  1450,  or  mesocephalic  when  from  1350  to  1450  centimetres; 
1400  being  the  assumed  general  average  for  the  human  cranium. 

By  the  tabulation  of  the  various  measurements  certain  tangible 
results  have  been  arrived  at,  which  show  that  different  races  of  man- 
kind are  distinguished  from  each  other  by  possessing  definite  char- 
acteristics both  of  face  and  cranium,  so  that  craniological  investigations 
have  a  positive  value  in  ethnological  researcL  Some  of  the  most 
important  of  these  have  been  summarised  by  Mr  Flower  as  follows  : — 
The  races  inhabiting  Europe,  North  Africa,  and  South-West  Asia  have 
a  variable  or  moderate  latitudinal  index,  a  low  alveolar  index,  a  low 
nasal  index,  a  moderate  orbital  index,  and  a  high  cerebral  capacity ;  in 
other  words  they  are  mesaticephalic,  orthognathous,  leptorhiine, 
megaseme,  and  megacephalic  The  Mongoloid  races  include  the 
extremely  brachycephalic  ^  Siberian  Mongols  and  Peruvians,  and  the 
extremely  dolicocephalic  Eskimo.  They  are  rarely  either  truly 
orthognathous  or  prognathous,  though  with  a  great  tendency  to  the 
latter,  especially  in  the  American  branches.  The  nasal  index  is 
usually  low,  and  the  Eskimo  are  the  most  leptorhine  of  all  known 
races  ;  the  orbital  index  is  usually  high,  and  the  cranial  capacity  veiy 
variable.  In  the  Australian,  and  tibe  dark  races  with  frizzly  hair, 
dolicocephalism  prevails  almost  universally,  reaching  its  extreme  in 
certain  Melanesiana  These  races  are  equally  characterised  by  pro- 
gnathism, by  the  high  nasal  index  (all  the  true  platyrhine  races  belong 
to  this  group),  and  by  moderate  or  small  cranial  capacities.  As 
interesting  exceptions  to  this  general  statement  the  Andamanese  are,  it 
must  be  noted  brachycephalic,  mesorhine,  and  mesognathous,  whilst 
the  Bushmen  are  mesaticephalic  and  orthognatous. 

A  valuable  addition  to  the  Catalogue  consists  in  a  series  of  tables 
which  have  been  calculated  for  finding  the  principal  indices,  and 
which  will  prove  of  great  service  to  all  who  are  engaged  in  similar 
craniological  researches. 

^  By  a  miBpriiit  in  the  Table,  p.  254,  the  Mongolians  of  Central  Ada  and 
Siberia  are  said  to  be  clolicocephalic  instead  of  brachycephalic,  although  the 
latitudinal  index  is  880. 
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STRANGEWAYS'  VETERINARY  ANATOMY.  Second  Edition. 
Revised  and  Edited  by  J.  Vaughan,  F.L.S.,  F.Z.S.  Edinburgh, 
1879. 

This  edition  of  Strangeways'  Veterinary  Anatomy  is  so  decided  an 
improvement  on  the  original  edition,  compiled  from  the  lectures  of  the 
late  Professor  Strangeways,  that  we  think  no  apology  to  our  readers 
is  needed  in  introducing  it  to  their  notice.  Mr  Vaughan,  himself  the 
teacher  of  the  subject  in  the  New  Veterinary  College,  Edinburgh,  has 
made  important  changes  in  the  arrangement  of  the  matter,  as  well  as 
numerous  additions,  more  especially  in  the  sections  treating  of  the 
structure  of  the  tissues.  The  style  is  clear  and  the  mode  of  descrip- 
tion compact  and  precise.  The  book  is  illustrated  with  six  octavo 
plates  and  170  woodcuts. 


LIST  OF  GKANTS  IN  AID  OF  SCIENTIFIC  INVESTIGATION 
MADE  BY  THE  BRITISH  MEDICAL  ASSOCIATION. 


Dr  Ogston  :  For  the  research  into  the  Belation  between 

Bacteria  and  Surgical  Diseases,     .  .  £60 

Mr  W.  North  :  To  discover  what,  if  any,  relation  exists 
between  the  Nitrogenous  Egesta  and  Muscular  Work, 

Dr  Ewart  :  To  continue  his  research  into  the  life-History 
and  Pathological  Eelations  of  Specific  Organisms 
already  known,  and  for  the  discovery  of  other  similar 
organisms  and  the  channels  through  which  they  enter 
the  System,  .  .  . 

Dr  Crocker  :  To  contmue  his  research  on  the  Physiological 
Action  of  Alcohol,  with  especial  reference  to  its  mode 
of  elimination,      ..... 

Dr  Thin  :  To  continue  his  research  into  the  Nature  and 
Development  of  Conditions  of  Life  of  the  Vegetable 
and  Animal  Parasites  that  infest  the  Human  Skin, 

Mr  Chieke  :  To  continue  his  research  on  the  subjects — 
(1)  Are  there  present  in  Organs  of  Living  Aiiimals 
Particles  which  originate  the  Bacteria  met  with  after 
Death?  (2)  Do  the  Discharges  from  Wounds  which 
are  Antiseptically  treated  contain  Organisms  ? 

Dr  Barlow  :  To  continue  an  Experimental  Investigation 
into  the  Changes  produced  in  the  Blood-vessels  by 
Alcohol,   .  .  . 

Dr  Fbrrier  and  Dr  Gerald  Yeo  :  Researches  with  the 
view  of  Testing  the  Application  of  Antiseptic  Surgery 
in  Cases  of  Lesion  of  the  Skull,  Brain,  and  its  Mem- 
branes,    ...... 

Dr  Newman  :  Eesearch  on  the  Functions  of  the  Kidney 
and  on  the  Physical  Conditions  which  regulate  the 
flow  of  Urine,       ..... 

Mr  Malcolm  Morris  :  An  Investigation  into  the  Ana- 
tomical Characters  of  Certain  Diseases  of  the  Skin 
allied  to  Tubercular,  Scrofulous,  Typhoid,  and 
Syphilitic  affections,         .  .  ,  . 

Dr  M'Ebndrick  :  Investigation  on  Anaesthetics, 
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THE  STEUCTURE  OF  THE  COMB-LIKE  BRANCHIAL 
APPENDAGES  AND  OF  THE  TEETH  OF  THE  BASK- 
ING SHARK  {Sdache  maadma).  By  Professor  Turner, 
M.B.,  F.RS.    (Plate  XIL) 

(Commonicated  to  the  Royal  Sodetj,  Edinburgh,  Karch  1,  1880.) 

Naturalists  have  from  time  to  time,  for  something  more  than 
a  century,  directed  attention  to  the  presence  on  the  gills  of  the 
Basking  Shark  of  appendages  arranged  like  the  teeth  of  a  comb. 
By  various  writers  they  have  been  regarded  as  acting  like  the 
blades  of  bedeen  in  the  mouth  of  a  whalebone  whale,  and  serving 
as  filters  to  separate  from  the  currents  of  water  flowing  through 
the  mouth  of  the  shark,  the  small  marine  organisms  on  which 
this  fish  is  believed  to  live. 

Having  been  engaged  some  years  ago  in  the  study  of  the 
structure  of  whalebone,^  I  was  desirous  of  examining  these 
appendages  in  tUs  shark,  to  see  if  they  corresponded  in  struc- 
ture with  the  plates  of  baleen.  It  was  with  great  satisfaction, 
therefore,  that  I  received  from  the  Rev.  M.  Harvey,  of  St  John's, 
Newfoundland,  during  the  autumn  of  last  year,  along  with  a 
number  of  other  interesting  objects  of  natural  history,  presented 
by  him  to  the  Anatomical  Museum  of  the  University,  a  portion 
of  one  of  the  comb-like  fringes,  which  he  had  removed  from  the 
gills  of  a  Basking  Shark  captured  off  the  coast  of  that  island. 

Before,  however,  I  proceed  to  describe  their  structure,  it  is 
advisable  that  I  should  give  some  accoimt  of  the  literature  of 
this  subject,  for  although  several  notices  of  these  fringes  have 
been  written  in  Danish,  Italian,  and  French,  and  Dr  Percival 
Wright  has  contributed  an  article  on  the  subject  in  Natv/re, 

^  See  memoir  on  the  Balmmptera  sibbcUdi  in  IVans,  Itay.  Soe.  EdifUmrgh, 
187-0,  voL  xxvi.  p.  212. 
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yet  a  sufficiently  continuous  narrative  of  the  literature  has  not 
yet  been  drawn  up  for  the  benefit  of  English  readers. 

The  first  naturalist  to  direct  attention  to  these  curious  struc- 
tures was  Bishop  Gunnerus  of  Trondhjera,  in  Norway,  who 
described  in  1765^  this  shark  as  living  on  very  small  animals, 
which  it  retains  in  the  cavity  of  the  mouth  by  means  of  whale- 
bone-like fringes  attached  to  its  upper  jaw.  A  piece  of  one  of 
these  fringes,  examined  by  Gunnerus,  is  said  by  Dr  Percival 
Wright*  to  be  now  in  the  Museum  at  Trpndhjem.  Shortly 
afterwards,  Pennant,  in  writing  his  account  of  this  fish,  stated 
that  "within  side  the  mouth,  towards  the  throat,  was  a  very 
short  sort  of  whalebone."  ^  Pennant  also  directed  attention  to 
the  small  size  of  the  teeth,  and  thought  that  the  food  consisted 
entirely  of  sea  plants.  In  1813  appeared  the  Fawna  Orcadensis, 
by  the  Eev.  G.  Low,*  who  described  the  gills  of  the  Basking 
Shark  as  "  fringed  with  a  sort  of  small  bristles  approaching  the 
nature  of  whalebone."  In  an  essay  "  On  the  Fishes  of  New  York,"  ^ 
Mr  S.  L.  Mitchell  says  that  the  Basking  Shark  is  "  remarkable 
for  having  something  within  his  mouth  resembling  the  homy 
substance  called  whale-bone,  which  has  led  some  persons  to  call 
him  the  bone  shark."  In  1852  Mr  R  Foulis  described*  the 
capture  in  the  Bay  of  Fundy  of  a  large  shark,  probably  S. 
maxima,  in  which  each  gill  opening  was  provided  with  a  cul- 
lender, or  comb-like  apparatus,  apparently  for  retaining  or  pre- 
venting the  smaller  portions  of  food  from  passing  through  the 
gill  openings  with  the  water  received  by  the  mouth. 

In  1869  M.  de  Brito  Capello  gave  a  short  description  of  ^  the 
comb-Hke  appendages  of  the  Basking  Shark,  and  it  is  to  him 
that  the  credit  is  to  be  given  for  having  first  figured  in  position 
on  a  branchial  arch  these  curious  structures.    He  considered 

1  Tron4}.  Sdsk,  JSknft.  iii  1766.  «  Nature,  xiv.  818,  Aug.  10,  1876. 

*  Briiiah  Zoology,  vol  liL  p.  80,  1769. 

^  TliiB  work,  although  not  published  until  1813,  had  been  written  a  number  of 
years  preyiously,  as  the  author  died  in  1795. 
»  Traw.  LU,  and  PkU.  Soc,  New  York,  vol.  i.  p.  486,  1816. 

•  Ftoc.  Boston  Soc.  Natural  History t  vol.  iv.  p.  202,  April  7,  1862. 

^  J&wmdt  des  Sciences  Math,  Phys,  et  Nat.  de  Lisbon/ne,  vii.  286,  August 
1869.  In  the  same  Journal  for  1877,  p.  71,  M.  Barboza  du  Socage  gives  a  French 
translation  of  CapeUo's  description  of  these  appendages,  and  refers  to  the  subse- 
quent observation  of  Steenstrup,  Gervais,  and  Pavesi.  See  also  Nature,  vol.  xvi. 
May  24,  1877. 
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that  they  opposed  the  entry  of  foreign  bodies  suspended  in  the 
water  into  the  branchial  sac.  In  1870  Mr  Thomas  Cornish  gave 
an  account^  of  a  shark,  supposed  to  be  the  Basking  Shark,  cap- 
tured at  Penzance  in  that  year.  He  found  in  front  of  each  gill 
*'  a  slight  elastic  apparatus  extending  the  whole  length  of  the  ray, 
IJ  inch  deep,  which  would  be  precisely  represented  by  a  thin 
small-toothed  comb  made  of  whalebone.  As  the  mouth  was 
opened,  the  little  whalebone  comb  involuntarily  fell  back  to  a 
right  angle  with  the  gill  ray,  and  effectually  barred  the  egress 
through  the  gills  of  anything  except  water  which  might  have 
been  taken  into  the  mouth." 

In  1867  Professor  Hannover  directed*  attention  to  a  structure, 
specimens  of  which  existed  in  the  museums  of  Copenhagen, 
Christiania,  and  Kiel,  which  at  first  sight  he  said  looked  like 
the  young  plates  of  baleen,  and  had  been  taken  indeed  for  them. 
It  consisted  of  a  great  number  of  plates  of  a  brown  colour,  and 
about  6  inches  long,  which  were  united  below  in  a  common 
base  of  a  semi-lunar  form.  On  microscopic  examination  they 
were  seen  to  have  the  same  structure  as  the  tegumentary  spines 
of  Baia  hatis,  i.e.,  they  possessed  a  central  germinal  cavity,  from 
which  on  aU  sides  tubes  of  dentine  ramified.  Although  nothing 
was  known  of  the  part  of  the  body,  or  indeed  of  the  animal  from 
which  this  specimen  had  been  obtained,  Hannover,  from  the 
resemblance  in  structure,  referred  it  to  an  unknown  Bay,  and 
perhaps  to  an  extinct  species. 

In  1873  appeared  an  important  paper  by  Professor  Steenstrup,* 
in  which  he  pointed  out  that  the  specimen  described  by  Hannover 
was  undoubtedly  the  branchial  fringe  of  the  Basking  Shark,  and 
he  quotes  Guimerus  and  many  of  the  other  naturalists  to  whom 
I  have  referred  in  support  of  the  conclusion  he  had  come  to.  He 
regards  these  fringes  as  having  the  function  of  whalebone,  but 
from  the  observations  of  Hannover  on  their  microscopic  structure 

1  Zoologiatt  August  1870,  p.  2268. 

<  Dan^,  Vtd.  SeUk,  Overaigt,  1867,  p.  46,  with  a  resume  in  French.  This 
resom^  is  reprinted  in  Armalea  dea  Sciences  NcUureUea,  Zoologie,  ix.  878, 1868. 
The  paper  is  published  in  extenso  in  Kong.  Danshe  Fidenak,  SeUhaba  Skrifter, 
p.  485,  1868,  with  woodcuts  of  the  fringes,  and  plates  showing  the  microscopic 
structure. 

'  Overngt  over  del  Kongelige  Daauke  Vidensk,  Selskabs,  1878,  with  a  resum^  in 
French. 
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as  being  strucUirally  very  elongated  slender  teeth,  the  presence 
of  which  on  the  gills  gives  to  the  genus  Sdache  an  unique  generic 
character. 

In  1874  Professor  Pavesi,  of  Genoa,  described  ^  a  large  shark 
captured  in  1870  near  Lerici,  in  the  gulf  of  Spezia,  and  gave 
some  beautiful  figures  of  the  comb-like  appendages  in  situ,  dis- 
playing their  relations  to  the  hyoid,  the  branchial  arches  and 
clefts,  so  that  he  proved  from  actual  dissection  the  accuracy  of 
the  view  advanced  by  Steenstrup,  on  bibliographical  data,  that 
the  specimen  described  by  Hannover  belonged  to  a  large  species 
of  Selache,  In  a  second  memoir,  published  in  1878,  he  gave  an 
accoimt  of '  another  large  shark,  caught  in  1877  in  the  harbour 
of  Vado,  and  figured  also  in  it  the  arches  and  clefts  with  the 
comb-like  fringes.  Both  the  Vado  and  Lerici  specimens  were 
examples  of  Selache  inaxima. 

In  1876  MM.  Paul  and  Henri  Gtervais  communicated  to  the 
Academy  of  Sciences^  some  observations  on  a  Basking  Shark, 
captured  at  Concameau,  Brittany,  in  which  they  described  the 
branchial  arches  with  their  comb-like  appendages.  They  pointed 
out  that  the  fringes  had  not  the  structure  of  whalebone,  but  were 
of  an  osseous  nature,  notwithstanding  their  flexibility.  In 
chemical  composition  they  consisted  of  phosphate  of  lime, 
mixed  with  a  little  carbonate,  deposited  in  the  meshes  of  an 
organised  substance.  They  also  possessed  pigment  granules, 
and  in  them  the  characteristic  dentine  tubes  were  very  easily 
recognised.  They  gave  two  figures  of  the  microscopic  structure 
of  these  fringes,  and  figured  the  fringes  on  the  branchiae.  The 
small  size  of  the  teeth  is  also  referred  to,  and  a  magnified 
longitudinal  section  through  a  tooth  is  figured. 

In  1876  Dr  E.  Percival  Wright  published  an  article,*  in  which 
he  gave  an  account  of  the  statements  of  Gunnerus  and  Steenstrup 
relating  to  the  fringes  of  the  Basking  Shark,  and  figured, from  a 

^  Annali  del  Museo  Civieo  dt  Storia  Naturale  di  Oenova,  toI.  vi  1874,  plate 
xi.  fig.  1,  3.  Also  an  abstract  of  this  memoir  in  Archives  des  Sdeneea  de  la 
B%blioth£f[iie  Universelle,  Dec  1874.  I  am  indebted  to  the  courtesy  of  Professor 
Payesi  for  a  copy  of  each  of  these  publications. 

*  Ibid.  vol.  xii.  p.  28,  1878,  fig.  10. 

*  29th  May  1876,  and  Journal  de  Zoologie,  vol.  v.  p.  819.  Also  supplementary 
note  in  the  same  JtmrruUf  voL  vi  p.  40. 

*  Nature,  August  10,  1876. 
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specimen  caught  at  Bofin  island,  one  of  the  branchial  arches  with 
the  fringes  in  sUu.  This  article  called  forth  from  Professor 
Allman  a  letter,^  in  which  he  said  that  he  had  communicated, 
more  than  thirty  years  ago  to  the  Dublin  Natural  History  Society 
a  notice  of  the  capture  of  a  Basking  Shark  on  the  south  coast  of 
Ireland.  An  abstract  was  published  at  the  time  in  Saunders's 
Newdetter,  in  which  it  is  stated  that  the  principal  object  of  the 
communication  was  to  point  out  the  existence  "  along  each  of 
the  branchial  arches  of  a  very  curious  and  beautiful  pectinated 
structure,  consisting  of  a  series  of  narrow  elastic  laminae  arranged 
with  great  regularity,  and  constituting  along  each  gill  a  kind  of 
grating,  bearing  a  close  resemblance  to  the  teeth  of  a  comb." 
Dr  Allman  pointed  out  that  these  laminsd  were  hard  and  brittle, 
and  acted  as  strainers  to  free  the  water,  before  coming  in  con- 
tact with  the  branchisB,  from  extraneous  matter.  Moreover,  from 
the  small  size  of  the  teeth,  this  shark  could  not  be  voracious  like 
the  allied  genera,  and  must  seek  its  food  among  the  less  resisting 
inhabitants  of  the  ocean.  It  is  to  be  regretted  that  this  com- 
munication of  Dr  Allman's  had  appeared  originally  only  in  a 
newspaper,  where  it  was  not  likely  to  attract  the  attention  of 
naturalists. 

But  though  from  time  to  time,  for  upwards  of  a  century, 
scatt^d  notices  of  these  curious  fringes  had  appeared  in  the 
periodical  zoological  literature  of  various  countries,  systematic 
writers  on  fishes  have  in  their  treatises  ignored  the  existence  of 
these  appendages,  notwithstanding  their  importance  in  connec- 
tion with  the  food  and  habits  of  this  shark,  and  their  constituting 
a  most  important  structural  peculiarity.  Thus  they  are  not 
referred  to  in  their  special  memoirs  on  the  Basking  Shark  by  Sir 
E.  Home,  Vrolik,  and  De  Blainville,  in  the  special  works  on  fish 
in  which  the  sharks  are  described  by  Miiller  and  Henle,  Yarrell, 
Hamilton  in  Jardine's  Naturalists'  lAkrary,  Pamell,  Couch,  and 
Giinther;  nor  in  the  more  general  treatises  on  zoology  by 
Fleming,  Jenyns,  Thompson  in  the  Natural  History  of  Ireland 
Vander  Hoeven,  and  Cams. 

The  specimen  of  the  comb-like  appendages  of  the  Basking 
Shark  presented  to  me  by  the  Eev.  M.  Harvey  was  5|  inches 
long.   It  consisted  of  154  flattened  plates,  which  varied  in  length 

^  Nature^  Aogost  81, 1876. 
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from  4^  to  5  inches.  Each  plate  possessed  a  semilunar  base 
attached  to  the  mucous  membrane  of  the  branchial  arch,  and 
this  membrane  passed  for  a  short  distance  between  the  bases 
of  the  plates.  One  horn  of  the  semilune  ended  in  connection 
with  the  mucous  membrane.  The  other  was  prolonged  into  the 
slender  shaft  of  the  plate,  which  tapered  off  to  a  free  point.  The 
breadth  of  the  semilunar  base  was  ^  an  inch,  but  the  breadth  of 
the  shaft,  where  it  was  continuous  with  the  horn,  waa  only  ^jths 
of  an  inch  (fig.  1).  The  surfaces  of  the  plates  were  directed  towards 
each  other,  whilst  their  thin  edges  were  placed  forwards  and 
backwards.  The  intervals  between  adjacent  plates  varied  from 
^"jyth  to  j^th  inch.  The  plates  were  grayish-brown  in  colour, 
and  with  a  smooth  shining  surface,  and  they  were  so  brittle  as 
to  be  easily  snapped  across.  The  general  arrangement  of  the 
plates  was,  indeed,  not  unlike  that  of  plates  of  whalebone,  and 
there  can  be  no  doubt  that  they  fulfil  the  office  so  generally 
ascribed  to  them  of  readily  allowing  the  passage  of  water  through 
their  interstices,  and  of  preventing  the  passage  of  small  organisms 
which  may  be  suspended  in  the  water. 

When  the  semilunar  base  was  examined  microscopically,  it 
was  seen  to  contain  a  network  of  canals,  the  calibre  of  which  in 
some  cafles  was  equal  to,  in  other  cases  considerably  larger  than, 
the  Haversian  canals  in  the  compact  tissue  of  the  shaft  of  a  long 
bone.  The  canals  were  short,  and  as  it  was  not  unfrequent  for 
several  canals  to  join  close  together,  spaces  possessing  a  width 
two  or  three  times  as  great  as  that  of  any  single  canal  were 
formed  at  their  place  of  junction  (fig.  2).  The  canals  lying  in 
the  base  near  its  attachment  to  the  mucous  membrane  opened 
on  the  surface,  and  received  prolongations  of  the  mucous  mem- 
brane. 

The  anastomosing  network  of  canals  was  prolonged  from  the 
base  of  the  plate  into  the  slender  shaft,  where  the  canals  ter- 
minated in  a  single  elongated  cavity,  occupying  the  centre  of 
the  shaft,  which,  diminishing  in  its  calibre  in  relation  to  the 
diminution  in  the  size  of  the  shaft,  reached  close  up  to  the  free 
point  of  the  shaft,  and  terminated  in  a  rounded  end. 

The  solid  matrix  of  the  plate  bounding  the  anastomosing 
canals  and  central  cavity  had  the  translucent,  somewhat  granu- 
lated character  one  sees  in  the  matrix  of  bone  or  the  dentine  of 
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teeth.  This  matrix  was  permeated  by  multitudes  of  fine 
branching  tubes.  These  tubes  had  the  appearance  and  general 
mode  of  arrangement  of  dentine  tubes,  but  they  were  nearly 
twice  as  large  as  the  tubes  of  human  dentine,  and  were  separated 
from  each  other  by  a  larger  proportion  of  matrix.  The  tubes 
arose  from  the  walls  of  the  anastomosing  and  central  canals,  and 
were  continuous  with  their  cavities.  Their  course  in  the  matrix 
was  wavy ;  they  branched  several  times  dichotomously,  and  each 
tube  ended  in  a  number  of  very  fine  branches,  which  anasto- 
mosed freely  with  the  corresponding  terminal  branches  of 
adjoining  tubes.  Occasionally  the  larger  dichotomous  branches 
anastomosed  with  those  of  adjoining  tubes.  Smaller  collateral 
branches  also  arose  from  the  sides  of  the  larger  tubes.  The 
tubes  which  were  continuous  with  the  central  canal  of  the  shaft, 
and  with  those  anastomosing  canals  in  the  base  which  were 
nearest  to  its  outer  surface,  passed  almost  perpendicularly  to  this 
surface  towards  its  exterior,  where  they  ended  in  the  very  fine 
branches  already  referred  to.  The  anastomosing  canals  in  the 
base  surrounded  little  islands  of  matrix,  into  which  the  tubes 
arising  from  these  canals  passed,  and  the  tubes  from  the  canals 
on  opposite  sides  of  each  island  ended  in  very  fine  branches 
about  the  middle  of  the  island.  The  tubes  which  arose  from 
the  central  canal  at  the  free  point  of  the  shaft  were  smaller  than 
those  in  and  near  the  base,  the  amount  of  matrix  between  them 
was  greater,  and  in  their  course  outwards  to  the  surface  they 
were  much  more  curved,  and  sometimes,  indeed,  bent  almost  to 
a  right  angle. 

In  portions  of  the  plates  which  had  been  thinned  by  rubbing 
on  a  hone  for  microscopic  examination,  it  was  not  uncommon  to 
see  tubes  divided  obliquely  or  transversely,  and  when  this 
division  occurred  where  a  tube  was  branching,  an  appearance 
resembling  somewhat  lacunas  of  bone,  with  their  branching 
canaliculi,  was  produced,  but  in  all  the  specimens  where  the 
tubes  could  be  followed  in  their  entire  length  no  such  appear- 
ance could  be  seen.  When  specimens  which  had  not  been 
rubbed  down,  but  rendered  translucent  by  soaking  in  turpentine, 
were  examined,  the  canals  were  seen  to  contain  a  yellowish 
or  brownish  yellow  material,  which  looked  like  a  dried  and 
shrivelled  membrane,  in  which  red  spots  and  patches,  probably 
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dried  blood,  could  be  seen.  Moreover,  bubbles  of  air  were  pre- 
sent in  the  canals  (fig.  4).  This  membrane  was,  without  doubt, 
derived  from,  and  was  continuous  with,  the  vascular  mucous 
membrane  at  the  base  of  attachment,  which  was  prolonged  into 
the  canals,  so  that  the  canals  undoubtedly  contain  blood-vessels. 

Hannover,  in  his  account  of  the  structure  of  the  plates,  speaks 
of  pigment  as  occurring  in  them.  I  have  also  observed  yellow- 
ish or  brownish  yellow  particles  in  the  canals,  but  it  may  be  a 
question  if  these  were  anything  more  than  portions  of  their 
membranous  contents,  broken  up  into  small  irregular  pieces 
when  the  plate  was  rubbed  thin  for  microscopic  purposes. 

From  the  above  account  of  the  structure  of  these  plates  there 
can  be  no  doubt  that  their  type  of  structure  resembled  the 
dentine  of  a  tooth.  The  whole  periphery  of  the  plate  consisted 
of  a  hard  unvascular  dentine,  the  tubes  in  which  were  very 
characteristic.  In  a  considerable  part  of  the  shaft  these  tubes 
arose  from  a  single  central  cavity  which  corresponded  with  the 
pulp-cavity,  and  undoubtedly  contained  a  vascular  pulp.  But 
in  the  semilunar  base  the  single  central  cavity  did  not  exist, 
but  was  replaced  by  a  set  of  anastomosing  canals,  which  col-  > 

lectively  represented  a  pulp-cavity,  and  which,  without  doubt, 
had  contained  a  vascular  pulp.  These  canals  were  separated 
from  each  other  by  a  matrix  containing  characteristic  dentine 
tubes.  Although  I  have  no  observations  to  offer  on  the  develop- 
ment of  these  plates,  there  can,  I  think,  be  no  doubt,  from  their 
resemblance  in  structure  to  the  dentine  of  a  tooth,  that  they 
have  arisen,  like  it,  from  a  conversion  of  the  odontoblast  cells  of 
a  vascular  pulp  into  a  hard  calcified  dentine  substance.    In  all  ^ 

probability,  therefore,  they  arise  from  papillee  formed  in  the 
dermal  or  subepithelial  layers  of  the  mucous  membrane  covering 
the  branchial  arch,  and  the  formation  of  papiUaa  is  doubtless 
preceded  by  the  involution  of  the  surface  epithelium,  and  the 
production  of  an  enamel  organ,  which,  as  Mr  C.  S.  Tomes  has 
shown,  is  formed  in  the  development  of  the  teeth  of  fish,  whether 
or  not  enamel  be  subsequently  developed.^ 

This  view  is  strengthened  by  what  has  been  seen  of  the 
development  of  the  spines  on  the  skin  of  the  sharks.  As  is  well 
known  the  dermal  spines  of  these  fish  correspond,  generally,  in  d 

»  FhUosoph.  Trans.  1876,  p.  267. 
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their  structure  with  their  teeth,  and  dentine  enters  very 
materially  into  their  formation.  The  observations  of  Hertwig 
have  shown  ^  that  prior  to  the  formation  of  these  spines  a  papilli- 
f orm  elevation  of  the  dermis  takes  place,  and  that  this  papilla  is 
covered  by  epidermis,  the  rete  Malpighii  of  which  covering  forms 
the  enamel  organ.  Calcification  of  the  papilla  then  takes  place, 
and  the  production  of  dentine  from  its  cellular  constituents. 

in  their  structure,  therefore,  these  plates  differ  in  a  marked 
manner  from  those  of  whalebone.  Although  canals,  containing 
vascular  papillae,  traverse  the  baleen  in  the  long  axis  of  the 
plates,  yet  these  do  not  anastomose  with  each  other.  Again,  in 
the  formation  of  dentine  the  solid  matrix  is  due  to  a  calcifica- 
tion of  the  odontoblast  cells  of  the  papilla,  so  that  it  is  a  dermal 
or  6ub*epithelial  structure,  and  is  thus  derived  from  the  meso- 
blast.  The  solid  matrix  of  whalebone,  on  the  other  hand,  is 
produced  by  a  comification  of  the  epithelial  coverings  of  the 
various  groups  of  papillse  that  I  have  described  in  my  account 
of  the  structure  of  whalebone  already  referred  to.  Hence,  the 
cornified  whalebone  blade  is  an  epithelial  and  not  a  sub- 
epithelial structure,  and  it  takes  its  rise  from  the  cells  of  the 
epiblast.  It  corresponds,  therefore,  in  its  morphological  position, 
not  with  the  dentine  of  a  tooth,  but  with  its  enamel 

As  all  the  naturalists  who  have  studied  these  comb-like 
branchial  appendages  in  the  Basking  Shark  agree  in  ascribing 
to  them  a  similar  oifice  to  that  discharged  by  the  baleen  plates 
in  the  mouth  of  a  whale,  they  provide  us  with  an  excellent 
example  of  objects  which,  though  different  in  structure  and 
mode  of  origin,  yet  fulfil  corresponding  physiological  properties. 

But  the  Basking  Shark  is  not  the  only  Elasmobranch  in  which 
a  filtering  apparatus  is  developed  in  relation  to  the  branchial 
arches  and  clefts.  Dr  Andrew  Smith,  in  his  account  of  the 
fishes  of  South  Africa,^  describes  a  shark  under  the  name  of 
Bhinodon  typicus,  which  has — 

<<  The  inner  extremity  of  each  branchial  canal  obstructed  by  a  sieve- 
like apparatus,  consistiag  of  a  congeries  of  cartilaginous  tubes  closely 
set  together,  directed  laterally,  and  the  inner  extremity  of  each  fringed 
with  a  delicate  membrane  offering  an  obstruction  to  the  passage  of 
anything  but  fluid." 

1  Jenaiache  ZeiUehri/t,  1874. 

'  llltutrcUums  of  the  Zoology  of  South  Africa^  London,  1849. 
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The  teeth  in  this  shark  were  small^  and  Dr  Smith  surmises 
that  it  feeds  on  small  molluscs,  &c.,  which  it  receives  into  its 
mouth  along  with  the  sea-water.  Whilst  the  water  is  expelled 
bj  muscular  action  through  the  gill-clefts,  the  small  animals  are 
intercepted  by  the  fringe  of  delicate  membrane.  It  is  not  likely 
that  the  sieve-like  apparatus  in  Bhinodon  has  the  same  structure 
as  the  comb  of  Sdache ;  for  although  Dr  Smith  does  not  enter 
into  its  microscopic  structure,  yet,  from  the  expressions  **  carti- 
laginous tubes  "  and  "  delicate  membrane,"  it  consists  presumably  I 
of  a  much  less  hard  and  rigid  material  than  the  comb-like  plates  ^ 
of  Sdache, 

But  appendages  similar  to  those  of  Sdache  have  not  been  j 

confined  to  existing  species  of  sharks,  for  Professor  van  Beneden 
obtained  from  the  Antwerp  Crag  comb-like  structures,  the  exact 
signification  of  which  was  at  first  difficult  to  determine.  When 
Hannover  published  his  account  of  the  specimen  in  the  Copen- 
hagen Museum,  Van  Beneden  at  once  recognised  the  resemblance 
between  it  and  the  specimens  from  the  Antwerp  Crag,  and 
described  them  as  belonging  to  an  extinct  Elasmobranch,  which 
he  named  Hannovera  aurata}  After  Steenstrup  had,  however, 
shown  the  identity  of  the  Copenhagen  specimen  with  the  bran- 
chial appendages  of  the  Basking  Shark,  Van  Beneden  has  sub- 
stituted the  name  of  Sdache  awraJta  for  that  which  he  had 
originally  employed.* 

Along  with  the  comb-like  branchial  appendages,  Mr  Harvey 
also  sent  me  a  portion  of  the  dentary  border  of  the  jaw  with  the 
teeth  in  situ.  The  teeth  were  arranged  in  seven  rows,  and  were 
imbedded  at  the  base  in  the  mucous  membrane.  Each  tooth 
was  not  more  than  i^^^ths  of  an  inch  long,  and  a  little  less  than 
^ths  of  an  inch  wide  at  its  basa  They  were  conoid  in  shape, 
with  sharp-pointed  free  ends,  somewhat  flattened  on  the  anterior 
and  posterior  surfaces,  and  without  serrations  (fig.  5). 

When  longitudinally  bisected  and  examined  microscopically 
no  central  pulp-cavity  was  seen,  but  the  base  and  the  body  of  the 
tooth  were  traversed  by  a  number  of  canals.  One  larger  than 
the  rest  passed  up  the  centre  of  the  tooth  towards  its  apex,  and 
from  it  arose  a  number  of  collateral  canals,  which  anastomosed 

^  BtUleHn  de  VAead,  Boy.  de  Belgique,  xzzi.  504,  1871. 
s  IMd.  zliL  294,  1876. 
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aad  formed  a  network  of  canals  situated  between  the  central 
canal  and  the  periphery  of  the  tooth.  The  central  canal  had  at 
the  base  of  the  tooth  a  transverse  diameter  about  three  times 
that  of  a  Haversian  canal  in  a  human  bone,  but  diminished  in 
calibre  as  it  passed  towards  the  apex  of  the  tooth.  The  arrange- 
ment of  the  canals  corresponded  generally  to  what  I  have 
described  in  the  basal  part  of  the  plates  of  the  comb-like  fringes, 
but  the  islands  of  matrix  between  the  canals  were  somewhat 
larger  than  in  the  plates  of  the  comb.  These  islands  were 
traversed  by  waving,  branched,  dentine  tubes,  which,  arising 
from  the  walls  of  the  canals,  converged  from  opposite  sides  to 
the  centre  of  an  island,  where  they  ended  in  numerous  fine 
branche&  These  canals  had  contained,  I  have  no  doubt,  pro- 
^  longations  of  the  vascular  mucous  membrane  of  the  gum.  .  The 
dentine  tubes  closely  resembled  in  appearance  and  arrangement 
those  in  the  islands  of  matrix  in  the  base  of  the  plates  of  the 
comb  (fig.  6). 

On  the  free  surface  of  the  tooth  was  a  dense,  opaque  white 
layer,  which  consisted  of  pure  dentine,  without  any  admixture 
of  vascular  canals.  In  this  layer  the  tubes  were  more  compactly 
^  arranged  than  in  the  subjacent  core ;  and  as  they  passed  in  a 
wavy  branched  course,  almost  perpendicularly  to  the  free  surface 
of  the  tooth,  they  were  not  so  curved  as  the  tubes  of  the  core. 
This  layer  was  better  defined  on  the  anterior  than  on  the 
posterior  surface  of  the  tooth,  the  former  of  which  had  the 
opaque  white  appearance  more  distinct  than  the  latter. 

In  its  structure  the  tooth,  like  the  semilunar  base  of  the 
t,  plates  of  the  comb,  consisted  of  a  hard  unvascular  dentine 

externally,  and  of  a  central  core  in  which  were  numerous 
anastomosing  canals  surrounded  by  a  matrix  containing  charac- 
teristic dentine  tubes.  These  canals  collectively  represented 
the  pulp-cavity.  The  chief  difference  between  the  plate  and 
the  tooth  was  this,  that  in  the  plate  the  canals  formed  ultimately 
in  its  shaft  only  a  single  central  cavity,  whilst  in  the  tooth  the 
anastomosing  arrangement  of  the  canals  was  preserved  up  to  the 
apex  of  the  core,  and  no  single  pulp-cavity  existed. 

The  question,  therefore,  may  now  be  considered  as  to  the  name 
which  should  be  applied  to  the  tissue  which  forms  the  semi- 
lunar base  of  the  plate  and  the  central  core  of  the  tooth.    Mr 
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C.  S.  Tomes,  in  his  recent  memoir  "On  the  Structure  and  1 

Development  of  Vascular  Dentine,"  ^  proposes  to  distinguish  four 
varieties  of  dentine,  viz.,  hard  unvascular  dentine,  vaso-dentine, 
plici-dentine  (where  the  tissue  has  been  complicated  by  fold- 
ings of  its  surface,  as  in  the  tooth  of  Laiyrinthodon),  and  osteo- 
dentine.  This  tissue  is  obviously  neither  the  hard  unvascular 
dentine,  though  that  is  f  oimd  on  the  surface  of  both  the  plate  and 
the  tooth,  nor  plici-dentine.  Mr  Tomes  defines  vaso-dentine  to 
be  a  tissue,  without  true  dentinal  tubes,  formed  from  the  odonto- 
blast layer  of  the  pulp,  and  permeated  by  canals  closely  filled 
by  capillary  blood-vessels,  and  gives  as  an  example  the  tooth  of 
the  Hake  {MerliLccius  vulgaris),  in  which  fish  the  pulp-cavity  is 
bounded  by  a  wall  of  this  substance.  The  osteo-dentine  he 
defines  as  a  tissue  devoid  of  true  dentine  tubes,  derived  from  a  '^'^ 

calcification  of  the  formative  pulp,  and  not  from  a  specialised 
odonto-blast  layer.    It  contains  numerous  canals,  which  do  not, 

"  Except  as  a  matter  of  accident,  contain  capillary  blood-vessels,  that  is 
to  say,  the  dentine  as  it  is  formed  is  not  deposited  round  capillaries  so 
as  to  enclose  them  within  itself,  and  hence  very  few  of  the  channels 
do  contain  capillaries ;  when  they  do  the  capillary  only  forms  a  part 
and  not  the  whole  contents  of  the  tube ''  (canal).  X 

He  gives  as  an  example  the  tooth  of  the  Pike. 

It  is  obvious  that  the  core  of  the  tooth,  and  that  of  the  semi- 
lunar base  of  the  plate  of  the  comb,  of  the  Selache  mcuidma,  do 
not  correspond  with  either  the  vaso-dentine  or  the  osteo-dentine 
according  to  these  definitions,  for  though,  *in  both,  canals  occur, 
which  presumably  contain  capillary  blood-vessels,  yet  the  matrix 
in  both  is  permeated  by  numerous  branching  dentine  tubes,  and  ^ 

there  can,  I  think,  be  little  doubt,  from  the  presence  of  these 
tubes,  that  the  matrix  surrounding  them  has  been  formed  by 
calcification  of  the  odonto-blast  cells  of  a  dentine  germ  papilla. 
In  its  mode  of  origin,  therefore,  this  matrix  would  correspond 
with  the  matrix  of  Mr  Tomes's  vaso-dentine,  but  would  differ 
from  it  in  being,  not  a  tubeless  matrix,  but  being  permeated  by 
numerous  dentine  tubes. 

Hence,  it  seems  to  me  that  Mr  Tomes  has  given  too  limited 
a  definition  to  the  term  vaso-dentine,  in  excluding  from  it  den- 

^  PhUoaqphieal  Ttunsadions,  part  1,  1878. 
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tinal  tissue  penetrated  by  vascular  canalSi  the  matrix  of  which 
tissue  is  permeated  by  dentine  tubes ;  for  the  presence  of  these 
tubes  is  the  most  reliable  structural  evidence  that  the  material 
under  examination  is  a  form  of  dentine.  The  original  definition 
of  Professor  Owen/  that  vaso-dentine  consists  of  a  dentinal  tissue 
into  which  vascular  medullary  canals  are  prolonged,  seems  to  me 
to  be  more  appropriate,  because  it  would  include  dentinal  tissue, 
in  which  both  tubes  and  vascular  canals  existed ;  and,  accepting 
this  definition,  the  core  of  the  teeth  and  the  interior  of  the  semi- 
luneu*  base  of  the  comb-like  plates  of  Selache  maxima  are  to  be 
regarded  as  formed  of  a  vaso-dentine,  covered  on  the  exterior 
by  a  hard  unvascular  dentine. 

The  presence  of  bodies  possessing  the  structure  of  teeth  on 
the  gills  of  the  Basking  Shark  is  not  so  aberrant  an  arrangement 
as  might  at  first  sight  appear.  It  is  well  known  that  a  row  of 
teeth  is  situated  on  each  branchial  arch  in  many  of  the  osseous 
fish,  so  that  there  is  a  tendency  amongst  fish  for  dental  struc- 
tures to  arise  in  connection  with  the  mucous  membrane  covering 
this  part  of  the  skeleton.  The  peculiarity  in  the  Basking  Shark, 
therefore,  is  the  excessive  development  which  the  branchial  teeth 
undergo,  a  development  which  is  correlated  with  the  small  size 
and  simple  form  of  the  maxillary  and  mandibular  teeth,  with 
the  non-predaceous  habits  of  the  fish,  and  with  the  particular 
nature  of  the  food  on  which  it  lives. 


Addendum. — When  this  paper  was  communicated  to  the 
Eoyal  Society,  Professor  Duns,  D.D.,  of  the  New  College,  told 
me  that  in  the  Museum  of  that  college  was  a  specimen  of  a 
comb-like  structure  similar  to  what  I  had  described,  but  that 
no  record  had  been  made  either  of  the  donor  of  the  specimen,  or 
of  the  locality  whence  it  had  been  obtained.  Professor  Duns 
has  kindly  allowed  me  to  examine  the  specimen,  which  is  an 
excellent  example  of  the  branchial  comb  of  the  Basking  Shark. 
It  is  apparently  from  a  somewhat  younger  and  smaller  speci- 
men, as  the  plates  are  not  quite  so  long  as  those  described  in 
this  paper. 

'  Odontography,  p.  xvii. 
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Explanation  op  Platb  XIL 

(/  am  indebted  to  my  friend,  Professor  J,  H.  Scatty  M.D.,  for  the 
drawings  in  illustration  of  this  papei\) 

Fig.  1.  Surface  of  one  of  the  plates  of  the  comb-like  appendage 
— natural  size. 

Fig.  2.  Magnified  longitudinal  section  through  a  portion  of  the  semi- 
lunar base,  showing  the  vaso<lentine  formed  of  anastomosing  canals 
and  dentine  tubes  proceeding  from  them  into  the  matrix. 

Fig.  3.  Magnified  longitudinal  section  through  the  shaft  of  a  plate, 
showing  the  central  canal  with  the  tubes  of  the  hard  unvascular 
dentine. 

Fig.  4.  The  tip  of  one  of  the  plates  rendered  translucent  by  turpen- 
tine, and  not  by  section  or  grinding.  The  rounded  end  of  the  central 
canal  is  shown,  occupied  by  the  dried  vascular  membrane,  also  an  air- 
bubble  at  the  end  of  the  canal.  Hard  unvascular  dentine  forms  the 
boundary  of  the  canaL     (Magnified). 

Fig.  5.  Antero-posterior  section  through  the  jaw  of  Selache  maadmaj 
showing  the  teeth  in  situ — ^natural  size. 

Fig.  6.  Magnified  longitudinal  section  through  a  tooth,  showing  the 
cap  of  hard  unvascular  dentine  and  the  core  of  vaso-dentine. 
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NOTE    ON    THE    GANGLION- CELLS    OF    THE    ELE- 
PHANTS EETINA,    By  Geobgb  Thin,  M.D, 

In  a  footnote  to  a  paper  on  "  The  Optic  Nerve-Fibres  and  Gan- 
glion-Cells of  the  Mammalian  Betina/'  published  in  vol.  xiii. 
p.  141,  of  this  Journal,  I  suggested  that  the  method  therein 
described  of  preserving  the  retinal  nerve  elements  for  examina- 
tion might  be  utilised  for  the  preservation  of  eyes  from  a.m'mals 
which  are  difficult  to  procure  in  this  country. 

I  am  indebted  to  Mr  R  F.  Frost,  M.E,C.V.S.,  Eoyal  Artillery, 
Burmah,  for  having,  in  response  to  an  invitation  published  in 
the  Veterinary  Journal,  sent  to  the  editor  of  that  serial  two 
elephant's  eyes,  which  were  prepared  in  accordance  with  the 
directions  given  in  the  paper  referred  to.  They  were  kindly 
handed  to  me  by  Mr  Fleming. 

On  examining  the  retina  of  one  of  the  eyes  in  glycerine,  I 
found  that  the  ganglion-cells  could  be  isolated  in  considerable 
numbers.  Compared  with  the  cells  of  the  retina  of  the  sheep 
and  cat,  on  which  my  previous  observations  had  been  made,  I 
found  amongst  those  which  I  isolated  a  much  greater  uniformity 
of  size.  The  cell-processes  were  not  so  well  preserved  as  in 
those  which  I  had  prepared  from  these  animals,  some  of  the 
cells  having  lost  all  traces  of  them.  In  some,  however,  small 
portions  of  two  large  broad  processes,  extending  from  opposite 
poles  of  the  cell,  were  still  adherent. 

As  the  elephant's  retina  is  probably  not  very  frequently 
examined,  the  following  measurements  of  four  cells,  representing 
very  nearly  all  the  sizes  I  observed,  may  be  of  interest : — 

Cell  1.  Cell  measured, 

,,  Its  nucleus  measured, 

CeU  2.  CeU  measured, 

,,  Its  nucleus  measured, 

Cell  8.  CeU  measured, 

,,  Its  nucleus  measured, 

Cell  4.  Cell  measured, 

,,  Its  nucleus  measured, 

I  observed  none  larger  than  the  largest,  and  none  smaller 
than  the  smallest  of  these  measurements. 
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NOTE  ON  THE  STRUCTUEE  OF  THE  STYLE  IN  THE 
TONGUE  OF  THE  DOG.  By  John  H.  Scott,  M.D., 
Professor  of  Anatomy,  Otago  University, 

This  so-called  "  worm  "  is,  as  is  well  known,  a  cartilaginous  rod 
lying  in  the  mesial  plane  usually  in  the  under  part  of  the  tongue. 
Its  structure  has  not,  I  believe,  been  described,  but  presents  one 
or  two  interesting  features. 

It  is  composed  of  cartilage — ^almost  entirely  cellular  in  char- 
acter. The  cells  are  closely  packed  together,  and  are  conse- 
quently mostly  polygonal  in  form.  The  intercellular  substance 
is  very  limited  in  amount,  and,  throughout  the  greater  part  of 
the  cartilage,  merely  serves  to  separate  the  cells.  Occasional 
larger  patches  are  observed,  and  in  thSfee  delicate  fibres  may  be 
seen  forming  interlacing  bundles  and  passing  in  between  the 
adjacent  cells.  The  style  is  invested  by  a  thick  fibrous  peri-  ^ 
chondrium  with  which  these  fibres  of  the  matrix  are  continuous. 
Tliis  rod  of  cartilage  is  distinctly  vascular.  A  somewhat  wide- 
meshed  network  of  capillaries  is  to  be  seen  throughout  its 
substance  in  injected  specimens.  The  vascularity  is  more 
marked  towards  the  ends  than  near  the  centre  of  the  rod. 
These  capillaries  are  continuous  with  those  of  the  perichondrium, 
but  an  artery  and  vein  of  some  size  are  also  usually  to  be  seen 
transversely  divided  in  transverse  sections. 

My  attention  was  first  directed  to  this  matter  by  Mr  A.  B. 
Stirling  of  the  Edinburgh  Anatomical  Museum,  when  I  was 
writing,  in  1877,  my  thesis  "  On  the  Anatomy  of  the  Dog,"  on 
the  occasion  of  my  graduation  as  M.D.,  and  a  short  description 
of  it  was  incorporated  in  that  thesis.  It  is  from  preparations 
made  by  him  that  I  have  satisfied  myself  of  the  vascularity  of 
the  structure.  He  informs  me  that  it  was  the  custom  in  Stirling- 
shire in  his  youth  to  extract  this  "  worm "  as  a  preventive  to 
rabies. 
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NOTE  ON  THE  ANATOMY  OF  THE  INDIAN  ELJIPHANT. 
By  Alfred  H.  Young,  M.B.,  late  Assistant  Lecturer  on 
Anatomy,  The  Owens  College,  Manchester. 

The  recent  contributions  to  our  knowledge  of  the  anatomy  of 
the  Indian  Elephant  by  Professor  Miall  and  Mr  Greenwood^ 
(jointly)  contained  a  comprehensive  and  almost  complete  account 
of  the  muscular  arrangements  of  the  species.  In  their  comclud- 
ing  remarks,  however,  these  observers  "  direct  the  attention  of 
future  dissectors  to  certain  points  which  have  been  passed  over 
or  inadequately  treated  " ;  among  such  they  indicate  the  stemo- 
humeral  and  superficial  cervical  muscles  (pectoralis,  masto- 
humeralis,  stemo-mcuxnllaris,  stemo-Tnastoideus),  which,  because  of 
their  mutilation  prior  to  dissection,  were  insufficiently  noted, 
whilst  such  results  as  were  obtainable  from  an  interpretation  of 
the  remaining  shreds  of  muscle  were  not  deemed  altogether 
trustworthy.  Miall  and  Greenwood  requested,  therefore,  that  the 
first  opportunity  of  correcting  their  observations  on  these  points 
might  be  seized ;  to  this  end  the  following  brief  notes  are  in- 
tended 

Miall  and  Greenwood  describe  accurately  the  pectoralis  major 
as  being  separated  into  superficial  and  deep  portions ;  but  in  my 
specimen  the  latter  possesses  a  somewhat  more  extensive  origin, 
inasmuch  as  some  fibres  spring  from  the  abdominal  aponeurosis. 
They  were  not  able,  however,  to  distinguish  the  pectoralis  minor 
\  "^  of  Cuvier  and  Laurillard.^  This  muscle  does  exist.  It  arises 
by  a  pointed  origin  from  the  first  rib  close  to  its  junction  with 
the  sternum,  and,  vddening  as  it  passes  outwards,  forms  a 
triangular  muscle,  which  is  inserted  by  its  base  into  the  fascia 
covering  the  supra-spinatus.  It  has  no  attachment  to  the 
humerus. 

Masto-humeraiis. — ^The  description  given  by  Miall  and  Green- 
wood of  this  muscle  is  correct.  It  takes  origin  by  two  distinct 
heads,  of  which  the  larger  springs  from  the  basi-occiput  and  the 

^  Jour,  of  Anat.  atid  Phya.  1878,  vol.  xii.  pp.  261-385 ;  voL  xiii.  p.  17. 
•  JUcueUde  Planches  de  Myologies  pi.  292-8,  J.  3,  which  appurently  corresponds 
toy.  2  of  the  index. 
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smaller  from  the  mastoid  process ;  the  two  heads  soon  unite  to 
form  a  strong  muscular  bundle,  which  is  inserted  into  the 
humerus  just  below  its  tuberosity. 

The  sterhO'Vuiicillaris  arises  from  the  first  piece  of  the  sternum 
just  in  front  of  the  sternal  crest,  and  slightly  from  the  first  rib. 
The  fibres  run  forward  in  contact  with  those  of  the  correspond- 
ing muscle  of  the  opposite  side,  and,  near  the  lower  jaw,  form  a 
flattened  expansion,  they  then  diverge  from  the  middle  line  upon 
either  side,  and  are  inserted  into  the  inferior  border  of  the 
mandible  in  front  of  the  digastric. 

Stemo^mastoideibs. — Miall  and  Greenwood  state  that "  a  muscle 
which  may  be  held  to  correspond  with  this,  though  it  has  no 
attachment  either  to  the  sternum  or  the  mastoid,  springs  from 
the  first  rib  several  inches  above  the  sterno-maxillaris  (t.e.,  nearer 
the  vertebral  column).  It  passes  obliquely  forwards  and  out- 
wards,-contracting  to  a  tendon  which  finally  expands  upon  the 
root  of  the  zygoma."  In  my  specimen  this  muscle,  which  might, 
perhaps,  be  more  appropriately  termed  a  stemo-zygomaticus, 
corresponds  more  closely  to  that  figured  by  Cuvi^  and  Laurillard 
(pi.  274^^,  h ;  292-3,  b).  It  arises,  close  to  its  fellow  of  the 
opposite  side,  from  the  anterior  border  of  the  great  median  sternal 
crest,  and  is  inserted  into  the  zygoma  opposite  the  condyle  of 
the  lower  jaw.  Before  its  insertion  the  muscle  is  flattened  and 
crosses  the  parotid  gland. 

Thes  temo-thj/roidms,  which  in  Mialls'  and  Greenwood's  speci- 
men took  origin  exclusively  from  the  first  rib,  I  found,  in  addition, 
arising  from  the  anterior  border  of  the  sternum. 

Mayer  and  Watson  had  previously  described  the  digastricus 
as  being  divided  into  anterior  and  posterior  bellies,  respectively, 
by  means  of  a  tendinous  intersection.  Such  is  the  case  also  in 
my  specimen.  Miall  and  Greenwood  were  not  able  to  distinguish 
this  characteristic  in  the  digastric  of  their  elephant. 

There  is  no  separate  stylo-hyaid. 

The  corac(hbra>chialis  possesses  a  more  extensive  insertion  than 
Miall  and  Greenwood  describe.  The  upper  fibres,  slightly  sepa- 
rated from  the  rest,  are  inserted  into  the  humerus  above  the 
insertion  of  the  latissimus  dorsi,  they  reach  up  as  far  as  the 
capsule  of  the  shoulder  joint ;  the  remaining  and  greater  part  of 
the  fibres  are  inserted  into  the  shaft  of  the  humerus  extending 
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from  the  insertion  of  the  latissimus  dorsi  as  far  down  as  the 
internal  condyle. 

In  the  Indian  Elephant  there  is,  consequently,  a  coraco- 
brachialis  representing  the  long,  short,  and  middle  varieties  of 
Wood.1 

I  have,  in  conclusion,  to  acknowledge  the  kindness  of  Mr 
Wall,  M.RC.V.S.,  Warrington,  to  whom  I  am  indebted  for  the 
opportunity  of  examining  a  fine  young  elephant  shortly  after  its 
death. 

^  ''On   Human   MoBcolar   Yariations   and   their   relation   to   CompantiTe 
Anatomy,"  Jwwn,  o/AwU  and  Fhys,  1867,  vol.  i  p.  46.  i 
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ILLUSTRATIONS  OF  THE  PATHOLOGY  OF  SARCOMA, 
FROM  CASES  OF  SUBCUTANEOUS  CYSTIC  TU- 
MOURS. By  Chakles  Ckeighton,  M.D.,  Demonstrator  of 
Anatomy,  Carribridge  University.     (Plates  XIII.-XV.) 

The  observations  recorded  in  this  paper,  to  illustrate  the 
general  pathology  of  sarcomatous  growths,  are  taken  from  cases 
that  would  not  all  be  admitted  as  unexceptionable  instances  of 
sarcoma.  The  cases  are: — (1)  a  sero-sangnineous  cjrst  of  the 
neck  of  a  dog ;  (2)  a  mucous  sarcoma  of  the  neck  of  a  dog  with 
a  cystic  interior,  and  a  fluctuating  tumour  from  the  subcutaneous 
tissue  of  the  hip  of  a  dog,  of  precisely  the  same  structure ;  (3) 
a  cystic  tumour,  with  granulation-like  interior,  from  between  the 
scapulse  in  a  man ;  and  (4)  a  spindle-celled  sarcoma  from  the 
head  of  a  dog,  with  its  centre  excavated  into  a  cystic  cavity 
crossed  by  a  close  network  of  trabeculse.  All  but  the  first  case 
might  perhaps  be  admitted  as  varieties  of  sarcoma ;  the  pair  of 
growths  under  (2)  being  Sarcoma  myxornatodes,  the  third  case 
a  granulation-like  or  round-celled  sarcoma,  and  the  fourth  a 
spindle-celled  sarcoma.  But  it  is  precisely  the  first  case,  the 
sero-sanguineous  cyst,  that  is  most  full  of  instruction  for  the 
pathology  of  all  the  others ;  and  although  it  was  a  cystic  tumour 
with  only  a  thin  fringe  of  solid  structure  round  its  walls  or 
extending  into  the  tissue  subjacent,  I  reckon  it  as  presenting  a 
better  physiological  type  of  sarcomatous  formation  than  speci- 
mens more  typical  in  structure  would  have  done.  The  grouping 
of  those  five  cases  will  appear  less  arbitrary  than  it  may  seem  at 
first  sights  if  it  be  kept  in  mind  that  they  all  grew  from  con- 
nective-tissue cells,  that  they  were  all  subcutaneous  in  position, 
that  four  of  them  were  excavated  into  cysts,  and  the  fifth  of  so 
fluctuating  a  texture  as  to  have  been  diagnosed  as  a  cyst ;  and 
that  three  of  them  occurred  in  the  neck  region.  To  illustrate 
the  structure  of  sarcoma,  to  go  over  again  the  well-trodden 
ground  of  varieties  of  connective-tissue  tumour  formation,  a 
group  of  cases  might  easily  have  been  put  together,  which  were 
under  no  suspicion  of  failing  in  the  generic  characters  of  sarco- 
matous growths.    But,  to  advance  beyond  the  familiar  knowledge 
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of  histological  structure,  and  to  obtain  an  insight  into  the  forces 
at  work  in  the  production  of  connective-tissue  tumours,  one 
must  resort  to  the  bye-ways  of  tumour  pathology,  and  seize  upon 
those  cases  divergent  from  the  classification  type,  which  are 
instructive  in  proportion  to  the  degree  of  their  divergence.  The 
five  cases  to  be  described  in  the  sequel  seem  to  me  to  afford,  both 
individually,  and  as  a  mutually  explaining  series,  an  amount  of 
instruction  for  the  pathology  of  sarcoma  which  a  study  of  more 
perfect  examples  of  sarcoma-structure  would  have  failed  to  give. 
Having  thus  recognised,  and  endeavoured  to  meet,  the  objec- 
tion to  an  apparently  incongruous  grouping  of  cases,  and  an 
apparent  disregard  of  the  ordinary  classification  of  tumours,  I 
shall  proceed  to  treat  of  each  case  by  itself,  and  with  reference 
to  its  nearest  neighbours,  and  afterwards  to  sum  up  the  con- 
clusions for  the  general  pathology  of  connective-tissue  growths 
which  the  whole  series  supplies. 

I.  Pathology  of  a  Sero-Sanguineous  Cyst  from  the  Neck 
OF  A  Dog:  Mode  of  Origin  of  Eed  Blood-Corpuscles. 
(Plate  XIIL  and  figs.  4  and  5,  Plate  XIV.) 

Description  of  Cyst  and  Contents. — ^The  tumour  was  removed 
from  the  neck  of  a  retriever  dog  at  the  Brown  Institution, 
London,  in  July  1875.^  The  cystic  interior  contained  a  consider- 
able quantity  of  clear  brownish  fluid,  which  I  examined  with 
the  microscope  immediately  after  the  operation.  The  note  made 
at  the  time  states  that  the  fluid  contained  a  large  number  of 
red  blood-corpuscles,  some  colourless  corpuscles,  and  some  large 
cells  filled  with  yellow  granules.  (This  tumour,  as  well  as  the 
others  described  in  the  sequel,  was  preserved  for  microscopic 
examination  in  the  following  way  : — It  was  placed  for  a  week  or 
ten  days  in  a  2  per  cent  solution  of  potassium  bichromate; 
afterwards  in  an  equal  mixture  of  spirit  and  water,  which  was 
changed  once  or  oftener  as  it  became  turbid ;  and  ultimately  in 
pure  methylated  spirit.)    The  cystic  cavity  had  an  average 

^  I  am  indebted  to  Dr  T.  E.  Chambers,  the  owner  of  the  dog,  for  the  informa- 
tion that  there  hae  been  no  recurrence  of  the  disease.  Dr  Chambers  has  also  been 
BO  good  as  to  inquire  into  the  alleged  occurrence  of  the  same  kind  of  formation  in 
the  neck  in  other  dogs  of  the  same  family,  but  he  is  not  satisfied  that  the  keeper 
had  distinguished  between  abscesses  and  cysts. 
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diameter  of  about  2  inches ;  the  interior  was  in  part  smooth 
and  somewhat  folded,  in  other  parts  it  had  a  more  ragged 
appearance,  being  covered  with  fine  trabeculae  or  frayed  out  into 
festoon-like  pieces  of  tissue.  The  cyst  had  no  distinct  outer 
capsule ;  it  was  removed  along  with  a  considerable  piece  of  one 
of  the  neck  muscles  with  which  it  was  intimately  connected, 
and  its  periphery  was  otherwise  formed  of  dense  or  indurated 
connective  tissue.  A  cluster  of  very  large  lymphatic  glands 
adhered  to  its  under  surface ;  their  condition  proved  to  be  of  the 
greatest  interest,  and  will  be  referred  to  afterwards. 

MimwU  Strudure  of  the  Cyst  WaU. — ^The  structure  that  covered 
the  interior  of  the  cyst  was  in  part  membrane-like  and  little 
more  than  a  line  in  thickness ;  at  other  parts,  where  the  surface 
was  more  irregular,  there  was  as  much  as  a  quarter  of  an  inch 
of  tumour  substance,  and,  as  I  shall  afterwards  mention,  the  new 
formation  penetrated  for  a  considerable  distance  among  the 
bundles  of  the  subjacent  muscla  The  largest  sections  of  tumour 
substance  were  obtained  from  a  prominent  ridge  which  had  an 
artery  the  size  of  a  crow-quill  for  its  central  stem ;  the  surface 
of  this  ridge  was  ra^ed  or  villous,  and  the  more  central  parts 
uniform  and  dense.  The  structure  of  the  irregular  surface  and 
that  of  the  uniform  and  firm  substratum  will  fall  to  be  noticed 
separately,  and  I  shall  begin  with  the  latter,  as  being  the  initial 
condition  of  the  new  growtL 

The  most  characteristic  structure  in  the  deeper  parts  of  the 
cyst  wall  is  that  which  is  drawn  in  fig.  1.  The  central  objects 
in  Hie  figure  are  a  wide  vessel  of  capillary  structure  and  its  two 
cross  branches.  The  larger  vessel  is  completely  surrounded  by 
cdils  to  the  depth  of  several  rows ;  cells  of  the  same  kind  occur 
also  more  sparsely  in  the  connective-tissue  ground-substance 
through  which  the  vessels  run.  The  cells  have  a  nucleus  and  a 
broad  zone  of  cell-substance ;  their  size  may  be  estimated  from 
the  fact  that  the  nucleus  alone  is  as  large  as  a  colourless  blood- 
corpuscle.  In  shape  they  are  cubical  or  polyhedric,  one  side 
being  generally  rounded.  Their  protoplasm  or  cell-substance  is 
dear  or  watery,  and  tinted  with  the  colour  of  haamoglobin; 
the  nucleus,  as  is  usual,  becomes  stained  with  the  colouring  re- 
agent (logwood). 

Perivascular  groups  of  ceUs,  as  in  fig.  1,  with  wide  intervals 


f  ^ 


ILLUSTRATIONS  OF  THE  PATHOLOGY  OF  SARCOMA.  295 

of  fibrillar  ground*subcrtance,  are  very  commonly  found  in 
the  deeper  parts  of  the  cyst  wall,  and  the  appearance  is  too 
characteristic  of  the  growth  not  to  be  specially  noted.  But,  in 
other  preparations,  and  nearer  the  surface,  the  ceUs  are  thickly 
scattered  throughout  the  connectiye-tissue  ground-substance, 
and  in  less  obvious  relation  to  the  walls  of  vessels,  and  it  is  in 
the  latter  situations  that  their  origin  is  best  seen.  Fig.  2  shows 
the  mode  of  origin  of  the  characteristic  cells.  The  almost 
homogeneous  ground-substance  is  beset  with  large  spindle- 
shaped  cells,  and  these  transform  themselves  into  the  more 
spherical  or  cubical  kind  of  elements  above  described,  the 
protoplasm  of  the  cells  assuming  at  the  same  time  the  peculiar 
haemoglobin  tint.  Several  examples  of  the  ceUs  more  highly 
magnified  are  given  in  the  upper  half  of  Plate  XIV.,  the  reddish 
tint  of  their  clear  or  watery  protoplasm  being  represented  in 
colour  approximately. 

These  cells  are  hasmaiMasts,  cells  from  which  red  blood-cor- 
puscles are  derived.  The  name  of  hsematoblast  has  been  intro- 
duced to  notice,  if  not  invented,  by  M.  Hayem  in  a  series  of 
papers  in  the  latest  numbers  of  the  Archwes  de  Phyriohgie ;  it 
is  there  used  to  denote  a  certain  class  of  elements  said  to  exist 
in  the  blood  as  it  circulates  in  the  blood-vessels,  which  are  not 
red  blood-corpuscles  but  the  antecedent  stage  of  them.  My 
observations  relate  to  an  entirely  different  point,  but  the  name 
used  by  M.  Hayem  is  obviously  the  appropriate  name  for  all  cells 
whatever  from  which  red  blood-discs  may  spring.  The  ha&mato- 
blasts  of  which  I  here  speak  are  derived  from  the  connective- 
tissue  ceUs.  A  certain  tract  of  connective  tissue  presents  its 
embryonic  features,  the  ceUs  being  of  great  size  or  plumpness, 
spindle-shaped,  with  more  or  less  obvious  long  processes.  The 
embryonic  connective-tissue  cell  changes  into  a  hnmatoblast  by 
becoming  cubical  or  spherical,  and  by  acquirii^  a  clearer  or 
more  watery  and  at  the  same  time  hsemoglobin-tinted  proto- 
plasm. This  transformation  takes  place  in  the  connective-tissue 
ceUs  lying  in  their  natural  positions  in  the  ground-substance, 
and  more  particularly  round  the  walls  of  vessels. 

Mode  of  Origin  of  the  Cystic  Cavity. — Such  a  growth  and 
transformation  of  embryonic  connective-tissue  cells  as  I  have 
described  in  the  last  paragraph,  would,  if  it  went  no  further, 
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lead  to  the  f  onnation  of  a  solid  tomotur  of  a  size  corresponding 
to  the  area  over  which  the  cell  formation  and  cell  change 
extended  A  spindle-celled  sarcoma,  or  a  round-celled  sar-. 
coma,  or,  still  more  pertinently,  as  I  shall  show  in  the  next 
section,  a  mucous  sarcoma,  would  have  sprung  up  in  the 
embryonic  connective  tissue  in  precisely  that  way.  But  the 
result  in  this  case  is  a  cyst,  and  we  have  to  account  for  the 
central  softening  of  an  originally  solid  connective-tissue  formation 
which  had  the  structure  that  may  still  be  seen  in  the  deeper  i 

parts  of  the  cyst-waU.  The  central  softening  is  due  to  the 
instability  of  (he  hamuUdblasts,  and  that  instability  is  neither  more 
nor  less  than  their  natural  tendency  or  destiny  to  produce  red 
blood-corpuscles  from  their  substance. 

As  the  initial  stages  of  the  new  formation  are  still  to  be  seen 
in  the  substratum  of  the  cyst-waU,  so  the  process  of  cyst- 
production  may  be  seen  at  work  on  its  free  surface.  The 
interior,  as  I  have  already  stated,  was  in  many  places  ragged  or 
villous ;  the  microscopic  appearance  is  shown  in  fig.  3.  Parallel 
vessels  run  up  to  the  surface  and  appear  as  if  to  end  there. 
Each  vessel  is  the  centre  of  a  tract  of  cells,  of  the  kind  spoken 
of  as  haematoblasts,  and  those  of  the  cells  that  are  more 
immediately  perivascular  retain  the  complete  form  of  such  cells. 
But  the  haematoblasts  more  remote  from  the  veasel  wall  are 
undetgoing  the  process  of  breaking  up,  whereby  red  blood- 
corpuscles  are  produced.  It  is  not  difficult  to  understand  how 
this  process  of  breaking  up  in  individual  cells  so  grouped  should 
lead  to  the  disintegration  of  a  solid  core  or  to  the  formation  of  a 
cavity  in  the  centre  of  the  hyperplastic  area.  The  melting  of 
the  solid  tissue  takes  place  in  the  intervals  between  the  vessels 
and  their  immediate  investment  of  cells,  and  it  extends  towards 
the  deeper  parts  of  the  new  formation  following  the  same  inter- 
vascular  tracts.  The  surface  of  the  cystic  cavity  has,  therefore, 
always  a  somewhat  villous  character,  owing  to  the  free  project 
tion,  for  a  certain  distance,  of  the  central  vascular  stems ;  and  the 
melting  away  of  the  solid  walls  takes  place  at  the  rounded  ends 
of  the  villous  projections  and  in  the  clefts  between  them.  The 
solid  wall  thus  constantly  worn  away  is  recruited  from  the  new 
formation  in  the  deeper  layers ;  there  is  probably  a  limit  to  the 
continued  supply  of  new  zones  of  cells,  but  the  tumour  process 


\ 

y 


ILLUSTRATIONS  OF  THE  PATHOLOGY  OP  SARCOMA.  297 

had  at  least  extended  among  the  bundles  of  the  subjacent 
muscle,  and  appeared  to  be  spreading  into  the  surrounding 
tissues  in  the  so-called  manner  of  ''infiltration."  In  those 
deeper  and  newer  regions  of  invasion,  the  embryonic  cells  had 
very  obviously  the  perivascular  grouping ;  the  individual  cells 
were  younger  or  more  immature,  being  more  nuclear  and  with 
a  smaller  zone  of  protoplasm. 

The  disruption  of  the  solid  core  of  new  growth  may  be 
compared  to  the  formation  of  an  abscess-cavity  in  an  indurated 
inflammatory  area,  The  description  of  abscess-softening  given 
by  Strieker^  may  be  set  beside  the  account  of  cystic  softening 
given  above.  It  is  in  both  cases  the  unstable  character  of  the 
new  cellular  product  that  leads  to  the  liquefaction  or  melting  of 
the  hard  nodule,  the  fluid  being  in  the  one  case  pus  and  in  the 
other  case  blood.  The  instability  of  the  connective-tissue  cell 
in  inflammation  may  or  may  not  have  its  physiological  type  in 
the  instability  of  the  hsematoblast,  but  the  instability  of  the 
hsematoblast  is  itself  rendered  intelligible  by  observing  what 
results  from  it  The  large  spherical  or  cubical  cells,  with  a  wide 
zone  of  hsemoglobin-tinted  protoplasm,  do  not  rest  at  that  stage, 
but  they  advance  to  fulfil  what  may  be  called  their  destiny. 
The  haemoglobin-tinted  protoplasm  is  disengaged  from  the  cells 
in  the  form  of  buds,  and  the  buds  take  the  form  of  ordinary 
red  blood-discs.  The  breaking  up  or  budding  of  their  protoplasm 
is  accompanied  by  remarkable  division  of  their  nuclei;  after 
the  round  pieces  of  protoplasm  have  been  disengaged,  more  or 
less  of  the  original  nucleus  remains,  cleft  into  three  or  four  or 
more  small  round  fragments,  and  surrounded  by  a  narrow  fringe 
of  the  reddish-yellow  cell-substance ;  and  those  remains  of  the 
original  hsematoblasts  are  not  unlike  the  well-known  forms  of 
pus-cells  with  the  trefoil  kind  of  nucleus.  I  shall  now  describe 
minutely  the  mode  of  origin  of  red  blood-corpuscles  from  the 
hsematoblasts. 

Mode  of  Origin  of  Bed  Blood-Corpusdea  from  ffamuUoblasts 
(Plate  XrV.). — ^The  upper  part  of  Plate  XIV.  shows  a  large 
collection  of  haematoblasts,  a  few  of  them  entire,  and  the  greater 
number  in  the  act  of  breaking  up ;  they  are  drawn  accurately 
(though  the  scale  is  not  quite  uniform  throughout),  and  they 

^  VcrUsungen  Uber  AllgemwM  und  SxperimenUlU  Pathologie,  p.  276. 
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represent  only  a  few  of  the  almost  innumerable  varieties 
of  the  breaking-up  process.  The  entire  and  perfect  hj»mato- 
blast  (as  drawn  in  one  of  the  lower  rows  of  the  group) 
is  a  large  cubical  or  irregular-sided  element,  having  a  nucleus 
which  stains  well,  and  a  broad  zone  of  clear  or  watery  protoplasm 
which  retains  the  reddish-yellow  tint  of  haemoglobin.  The 
red  blood-discs  are  simply  detached  portions  of  this  zone  of 
tinted  protoplasm;  no  part  of  the  logwood-stained  nucleus 
enters  into  their  formation.  But  the  nucleus  does  not  remain 
unaffected  in  the  breaking  up  of  the  hsBmatoblast  into  blood- 
discs.  Indeed  the  phenomenon  that  first  arrests  the  attention 
is  the  division  or  cleavage  of  the  nucleus  into  several  fragments, 
which  may  be  of  unequal  size.  In  nearly  all  the  examples 
drawn  in  the  plate,  this  extensive  fission  of  the  nucleus  is  clearly 
shown.  The  small  round  logwood-coloured  particles  are  often 
connected  with  one  another  by  threads  of  the  nuclear  substance 
(also  stained),  and  that  may  be  taken  as  good  evidence  that  they 
are  the  disjoined  fragments  of  an  originally  single  body.  The 
disruption  of  the  nucleus  is  evidently  an  event  connected  with 
the  detachment  of  pieces  of  the  outer  or  protoplasmic  zone  to  ^ 
become  red  blood-corpuscles.  There  is  probably  not  an  exact  "^ 
correspondence  between  the  number  of  pieces  into  which  a 
nucleus  divides,  and  the  number  of  blood-discs  foamed  by 
detachment  from  the  protoplasm  of  one  celL  But  if  there  is  no 
exact  correspondence  in  the  number  of  fragments,  there  can  be 
no  question  that  the  fission  of  the  protoplasmic  zone  and  the 
fission  of  the  central  or  nuclear  zone  proceed  hand  in  hand. 
One  of  the  most  significant  facts  in  this  remarkable  process  is 
that  a  detached  portion  of  the  cell-substance  is  often  followed, 
as  it  were,  by  one  of  the  rounded  fragment  of  the  nucleus.  The 
round  logwood-coloured  nuclear  particle  has  no  permanent  share 
in  the  structure  of  the  red  blood-corpuscle,  but  it  often  seems 
to  go  off  with  the  reddish  protoplasmic  bud,  as  the  latter  frees 
itself  from  the  parent  haematoblast. 

A  careful  study  of  the  haematoblasts  in  process  of  breaking  up 
shows  that  the  mode  of  origin  of  the  red  blood-discs  is  on  the  whole 
uniform.  The  most  certain  evidence  of  the  stages  of  this  process 
would  be  obtained,  naturally,  by  watching  a  particidar  hsemato- 
blast  through  the  whole  series  of  changes.    In  such  material  as 
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I  have  here  to  deal  with,  that  method  could  not  be  applied ;  but 
the  stages  of  the  process  may  be  inferred  with  hardly  lees  cer- 
tainty from  putting  together  the  various  appearances  of  the 
hsBmatoblasts  as  they  were  fixed  when  the  elements  ceased  to 
liva  The  varieties  of  form  in  the  disintegrating  haamatoblasts 
are  almost  innumerable,  each  one  differing  in  some  small  par- 
ticular from  all  the  others ;  and  from  so  great  an  abundance  of 
coexisting  forms,  standing  for  stages,  or  degrees,  it  is  not  difficult 
to  construct  the  succession  of  events  witiii  an  accuracy  that  is 
practically  sufficient  One  of  the  most  common  appearances  is 
that  of  a  hsematoblast  with  its  nucleus  broken  up  into  several 
round  fragments,  the  fragments  dispersed  more  or  less  widely  in 
one  or  more  directions,  but  still  hanging  together,  and  the  cell- 
substance  following,  or  rather  precedmg  the  directions  of  the 
nuclear  particles. 

If  the  hsematoblast  be  supposed  to  possess  the  power  of 
amceboid  movements,  this  condition  might  have  resulted  from 
the  uniform  circuit  of  the  protoplasm  yielding,  and  portions  of 
the  protoplasm  flowing  out  like  pseudopodia.  The  fission  of 
c  the  nucleus,  and  the  movements  of  its  particles,  are  associated 
with  those  of  the  protoplasm,  and  a  not  uncommon  appearance 
is  that  of  a  small  round  nuclear  particle  adhering  like  a  knob  to 
the  narrow  end  or  on  one  side  of  the  pear-shaped  or  spherical 
portion  of  hsemoglobin-tinted  protoplasm.  In  some  instances, 
such,  for  example,  as  are  drawn  at  the  right  lower  comer  of  the 
group,  the  fragments  of  the  nucleus  do  not  disperse,  and  the 
I  blood-discs  appear  to  fall  out,  as  it  were,  from  the  uniform  and 

unbroken  contour  of  the  cell  That  particular  appearance  is 
more  than  one  of  juxtaposition  of  blood-discs  to  a  nucleus ;  by 
adjusting  the  focus,  it  can  be  seen  that  the  blood-disc  is  not  yet 
independent  of  the  rest  of  the  protoplasm.  The  earliest  change 
in  the  entire  hsematoblast  is,  no  doubt,  the  cleavage  of  the 
nucleus  into  two  or  more  pieces,  as  shown  in  several  cdls  in  the 
plate.  It  is  often  observed  that  the  undivided  nucleus  lies  at  one 
side  of  the  cell,  leaving  the  greater  part  of  the  cell-substance  as 
if  aggregated  clear  of  the  nucleus.  Sometimes  there  may 
be  seen  a  blood-disc  as  if  lying  within  the  contour  of  an  entire 
hsematoblast,  or  upon  the  face  of  it ;  but  anything  like  an  intra- 
cellular origin  of  blood-corpuscles  is  so  much  rarer  than  the 
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mode  or  origin  by  budding,  or  by  detax^hment  round  about  the 
cell,  that  it  may  be  practically  left  out  of  account. 

The  detached  pieces  of  hsemoglobin-tinted  protoplasm  are 
often  at  first  pear-shaped  or  otherwise  elongated,  and  the  circular 
pieces  are  not  at  first  flattened  but  spherical  The  perfect  discoid 
shape,  with  raised  centre,  is  not  wanting  in  the  blood-discs  that 
are  abundantly  scattered  among  the  hsematoblasts,  but  those 
characters  would  seem  to  be  acquired  after  the  pieces  of  pro- 
toplasm  become  free. 

It  is  not  conceivable  that  any  of  the  appearances  above 
described  are  due  to  the  action  of  reagents  or  the  cells.  The 
mode  of  preparation  that  was  followed  is  well  adapted  for  fixing 
the  elements  of  the  tissues  in  their  natural  condition,  and  any 
suggestion  of  artificially-produced  appearances  may  be  at  once 
set  aside.  What  has  been  described  as  the  hsemoglobin  colour 
in  the  hsematoblasts  is  precisely  the  same  as  the  colour  of  the 
red  blood-corpuscles  which  they  give  origin  to ;  otherwise  that 
colour  might  have  seemed  to  be  due  to  the  use  of  chromium 
compounds  in  preparing  the  tissua 

The  fate  of  the  broken-up  nucleus,  after  the  protoplasm  has 
been  detached  in  the  form  of  red  blood-corpuscles,  is  not  alto- 
gether clear;  but  it  may  be  conjectured.  It  is  a  somewhat 
remarkable  fact,  that  although  single  particles  of  the  nucleus  are 
often  seen  to  follow  and  to  adhere  to  the  blood-discs  as  the  latter 
break  off  from  the  parent  cell,  yet  the  number  of  such  loose 
single  particles  that  may  be  found  in  a  region  where  blood- 
formation  has  been  active  is  by  no  means  great  It  is  conceiv- 
able that  the  more  or  less  scattered  nuclear  fragments  gather 
themselves  together  after  the  protoplasm  has  budded  off;  and  it 
is  a  matter  of  observation  that  the  greater  number  of  the  frag- 
ments into  which  a  nucleus  divides  do  remain  in  close  contact. 
These  aggregated  particles  of  the  original  nucleus  retain  or 
acquire  a  narrow  fringe  of  protoplasm  (of  the  prevailing  tint), 
and  such  reconstructed  nuclear  cells  form  a  class  of  elements 
which  occur  in  large  numbers.  They  are  less  than  half  the  size 
of  the  perfect  hsamatoblasts,  and  are  therefore  easily  dis- 
tinguished ;  and  thQ  nucleus  is  always  cleft,  sometimes  in  the 
trefoil  pattern,  but  more  commonly  into  four  or  five  pieces.  It 
is  difficult  to  say  whether  they  again  grow  to  be  full-sized 
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hsematoblasts  by  the  increase  of  their  protoplasmic  zona  But 
the  previous  histoiy  of  such  elements  seems  to  be  beyond  doubt ; 
wherever  they  occur,  they  show  that  the  production  of  red  blood- 
corpuscles  by  detachment  or  budding  has  been  going  on.  I  shall 
have  occasion  to  adduce  that  point  of  evidence  in  the  cases  that 
follow. 

The  question  arises :  Is  the  mode  of  origin  of  red  blood-cor- 
puscles from  connective-tissue  hsematoblasts  the  same  as,  or  a 
guide  to  the  knowledge  of,  the  origin  of  these  corpuscles  in  the 
opaque  area  or  in  the  embryonic  mesoblast?  That  question 
falls  naturally  to  embryologists,  but  it  may  be  remarked  here 
that  the  process  of  blood  formation,  when  it  occurs  in  the  mature 
organism  and  in  mature  tissues,  may  reveal  certain  details  which 
are  not  to  be  found  in  the  embryonic  process,  inasmuch  as  the 
process  in  the  former  case  is  more  deliberate.  I  shall  add  the 
description  given  by  Banvier  for  the  embryonic  formation  of 
blood,  as  it  evidently  corresponds,  in  some  points  at  least,  with 
the  account  given  above.  He  observes '} — "  The  islets  of  blood 
are  formed  at  the  expense  of  certain  ceUs  of  the  primitive 
vascular  cords,  which  are  set  at  liberty  in  the  interior  of  the 
latter  in  the  process  of  their  canalisation.  These  cells,  relatively 
few  in  number,  are  spherical,  and  contain  at  first  only  one 
nucleus.  By  and  bye  this  nucleus  multiplies,  and  it  proliferates 
with  so  great  activity  that  the  formative  cell  of  the  blood, 
remarkably  enlarged,  is  transformed  into  a  ball  in  which  all  the 
nuclei  seem  to  touch  one  another.  Later,  the  ball  disentegrates, 
I  so  as  to  set  free  its  nuclei  with  the  small  quantity  of  protoplasm 

"^  that  accrues  to  each.    Those  are  the  first  red  globules  of  the 

blood.  Their  constitution  is  almost  entirely  nuclear,  and  that  is 
the  reason  why  they  colour  so  deeply  with  carmine."  The  ball 
made  up  of  nuclei  touching  one  another  is  a  stage  in  the  process 
that  I  have  described,  but  there  is  a  wide  divergence  in  the  after 
stages.  There  is  nothing  more  certain,  in  the  process  which  the 
blood-cyst  exemplifies,  than  that  the  portions  of  the  divided 
nucleus  have  only  a  temporary  and  extrinsic  connexion  with  the 
corresponding  portions  of  the  divided  protoplasm.  The  differ- 
ence between  the  origin  of  red  blood-corpuscles  from  connective- 
tissue  hsematoblasts  and  their  origin  from  the  primitive  em- 

^  Train  Technique  ^Histologie,  p.  640. 
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bryonic  oells,  would  seem  to  be  that  the  former  is  direct,  while  the 
latter  has  an  additional  intermediate  stage.  But  the  ultimate 
product^  the  red  blood-disc,  is  the  same  in  both ;  it  is  not  in  any 
sense  a  cell,  but  merely  a  piece  of  detached  protoplasm  moulded 
into  a  discoid  shape. 

Bed  Blood  in  the  Lymph-Sinuses  of  the  Lymphatic  OUmds 
(Plate  XIV.  fig.  4). — ^At  the  back  of  the  cystic  tumour,  and  ad- 
hering closely  to  it,  was  a  packet  of  large  lymphatic  glands. 
They  were  four  or  five  in  number,  and  the  largest  of  them  was 
about  an  inch  long  and  half  an  inch  thick.  Sections  of  them 
under  the  microscope  showed  the  lymph-sinuses  everywhere  to 
be  crowded  with  red  blood-corpuscles.  The  blood-corpuscles  lay 
exactly  within  the  limits  of  the  lymph-sinuses.  One  may  con- 
clude, therefore,  that  they  were  circulating  in  the  lymph-stream, 
and  that  they  had  been  carried  to  the  gland  by  lymphatic  vessels. 
The  presence  of  red  blood-corpuscles  in  the  lymph-sinuses  is 
easily  explained.  The  connective  tissue  of  the  region  had  be- 
come a  local  seat  of  blood  formation,  and  the  blood  there  pro- 
duced had  naturally  found  its  way  into  the  lymphatic  vessels 
whose  radicles  are  the  connective-tissue  cells  themselves.  The 
blood  in  the  interior  of  the  cyst  would  no  doubt  have  access  in 
the  same  way  to  lymphatics  in  the  cyst-walL 

The  lymph-sinuses  contained  not  only  dense  masses  of  red 
corpuscles  of  the  ordinary  kind,  but  also  some  haematoblasts, 
precisely  the  same  as  were  found  developing  from  the  connective- 
tissue  corpuscles. 

Physiological  Analogies  for  the  Hcematdblastic  New  Formation, 
— The  formation  of  blood  and  of  blood-vessels  is  the  most  funda- 
mentcJ  and  the  most  extensive  of  aU  the  early  functions  of  the 
ovum  and  of  the  embryonic  mesoblast.  The  great  blood-forming 
function  of  the  mesoblast  may  therefore  be  claimed  as  the  physio- 
logical type  of  that  haematoblastic  activity  of  the  connective  tissue, 
which  has  been  described  in  the  preceding  paragraphs;  the  connec* 
tive  tissue  of  a  particular  r^on,  viz.,  the  neck — ^itself  distinguished 
as  the  gill-region  for  the  great  extent  of  its  primitive  blood- 
supply — ^may  be  said  to  have  returned  to  its  earliest  and  greatest 
kind  of  productiveness.  An  activity  so  primitive  and  so  all- 
important  as  the  blood-forming  function  of  the  area  vasculosa 
and  of  the  mesoblast  may  be  said  to  be  the  most  deeply-rooted 
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tradition  or  "memory" — to  use  the  expression  of  Hering— of 
that  tissue,  or  to  be  the  tendency  handed  down  from  the  foetal 
period  which  would  be  the  first  to  assert  itself  in  any  return  to 
the  embryonic  state  of  the  tissue.  While  that  is  the  grand 
physiological  analogy  of  all  blood-formation  from  connective 
tissue,  it  is  perhaps  not  the  analogy  that  corresponds  most  literally 
in  details.  The  post-blastodermic  formation  of  blood  in  the  sub- 
cutaneous connective  tissue  is  a  less  remote  physiological  type. 
That  subject  has  received  comparatively  little  attention  hitherto, 
the  most  considerable  notice  of  it  being  a  brief  account  by  Scbafer 
of  the  development  of  bloodHX)rpuscles  within  cells  of  the  sub- 
cutaneous connective  tissue  in  the  upper  part  of  the  fore-limb 
and  in  the  back  of  new  bom  rats.^  Connective-tissue  corpuscles, 
more  or  less  flat,  became  vacuolated ;  in  some  of  them  the  proto- 
plasm had  a  distinct  reddish  tinge ;  others  contained  one,  two,  or 
a  greater  number  of  reddish  globules,  consisting  apparently  of 
haemoglobin.  The  formation  of  the  haemoglobin  globules  re- 
minded one  of  a  deposit  within  the  cell-substance  such  as  occurs 
in  developing  fat-oells.  These  blood-fonning  cells  occurred  in 
regions  that  afterwards  became  converted  into  fat ;  it  was  prin- 
cipally in  the  neighbourhood  of  the  fat-lobules  that  they  were 
found. 

In  tracing  the  development  of  the  fat-lobules  that  arise  in  con- 
nexion with  the  breast  in  the  new-bom  kitten,  I  have  referred 
to  the  same  appearances  as  those  described  by  Schafer.^  Blood- 
corpuscles  lay  near  the  large  vacuolated  cells  that  were  about  to 
become  fat  cells,  but  it  was  not  easy  to  decide  how  the  future  fat- 
cells  had  given  origin  to  them,  and  my  statement  was :  "  Many 
of  the  vacuolated  cells  had  the  appearance  of  having  given  origin 
in  their  interior  to  the  red  blood-discs  tha  tlay  near  them."  The 
vacuolated  cells  were  without  doubt  the  early  stage  of  fat-cells, 
and  if  they  had  produced  the  red  blood-discs  that  lay  near  them^ 
the  latter  were  only  a  collateral  product  I  have  gone  over  again 
my  preparations  showing  the  stages  of  fat^formation  from  the 
spindle-shaped  cells  of  the  subcutaneous  tissue,  and  I  find  it 
difficult  to  be  sure  that  the  red  blood-discs  are  ever  contained 

^  **  Note  on  the  Intiacellalar  Development  of  Blood-Corpuscles  in  Mammalia,'' 
Proceedings  of  the  Boyal  Society,  1874,  p.  24S. 
>  BqpoH  of  the  Medical  Officer  of  the  PHvy  Oowncil  for  1874,  p.  172. 
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within  the  vacuoles  of  the  fature  fat  cells.  On  the  other  hand, 
in  the  earliest  stages,  before  the  embryonic  cells  begin  to  form 
the  rudiments  of  the  future  fat-lobules,  the  spindle-shaped 
elements  may  be  seen  here  and  there  to  have  a  red  blood-disc,  as 
if  lying  beneath  one  end  of  the  logwood-coloured  nucleus,  and 
the  red  blood-disc  may  be  taken  to  be  a  piece  of  the  protoplasm 
detached  from  that  end  of  the  cell  in  a  discoid  form.  At  any 
rate,  such  appearances  are  found  among  the  embryonic  connec- 
tive-tissue ceUs  before  the  vacuolation,  which  leads  to  the  forma- 
tion of  f (tt,  has  begun.  It  seems  probable,  therefore,  that  a  more 
extended  study  of  the  process  in  the  subcutaneous  tissue  may 
lead  to  a  more  comprehensive  view  of  blood  formation  from  con- 
nective-tissue cells,  and  the  relation  of  it  to  fat  formation,  than 
that  hitherto  arrived  at.  It  is  to  be  observed  that  Eanvier,  de- 
scribing the  formation  of  blood  and  blood-vessels  in  the  milky 
spots  in  the  great  omentum  of  young  rabbits,  gives  an  inde- 
pendent support  to  the  view  that  the  formation  of  the  blood- 
discs  ia  intracellular.^ 

A  more  special  physiological  analogy  may  be  found  for  the 
hsematoblastic  new  formation  with  respect  to  its  very  marked 
perivascular  character.  The  structure  drawn  in  fig.  1  has  a  not 
very  remote  resemblance  to  the  structure  of  the  coccygeal  body 
and  of  the  intercarotid  body.  The  roimded  or  elongated  heaps 
of  polygonal  cells  that  lie  around  the  wide  capillary  vessels  in 
both  of  those  structures  are,  in  the  representation  by  Eberth,*  not 
unlike  the  group  of  cells  drawn  in  fig.  1 ;  there  is  a  further 
agreement  in  the  circumstance  mentioned  by  Eberth  that  small 
groups  of  the  same  polygonal  cells  also  occur  in  the  intermediate 
substance,  and  away  from  the  vessels.  According  to  Luschka, 
the  coccygeal  body  is  the  point  of  departure  of  most  of  the  con- 
genital tumours  (cystic  and  other)  that  occur  in  the  sacral 
region  ;*  and  it  was  conjectured  by  Luschka  that  the  intercarotid 
body  would  in  like  manner  be  found  to  be  the  starting-point  of 
congenital  cysts  of  the  neck.    This  conjecture  was  put  to  the 

1  TraUS  Technique  d^Eistologie,  p.  027. 

'  Strieker's  Handbiuh  der  Qetoebelehre,  p.  212. 

>  Henle  {ffandbuch  der  AwUomiey  vol.  ii.  p.  598)  remarks  :  ''  While  the 
glandula  coccygea  cannot  be  turned  to  account  in  physiology,  it  serves  to  explain 
a  pathological  riddle,  viz.,  the  origin  of  perineal  cystic  tumours." 
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proof  by  Julius  Arnold  in  the  case  of  two  congenital  cystic 
tumours  of  the  neck,  but  he  found  no  reason  to  associate  the 
tumours  with  the  intercarotid  body.^  It  is  conceivable,  how- 
ever, and  moreover  highly  probable,  that  the  congenital  cysts 
took  origin,  as  in  the  case  that  I  have  described,  from  a  peri- 
vascular tissue  in  the  neck,  arising  in  the  same  vascular  district 
as  the  intercarotid  body,  and  of  essentially  the  same  structure  as 
that  body.  The  intercarotid  body  may  be  considered  to  be  a 
survival,  and  the  formative  material  of  the  cystic  tumours  a 
revival  of  hsematoblastic  cells.  It  is  well  known  that  the  cystic 
tumours  of  the  neck  may  be  either  serous  or  sero-sanguineous, 
and  I  shall  show  in  the  next  section  that  cells  which  are  essen- 
tially hsematoblasts  may  fall  short  of  producing  red  blood-cor- 
puscles. 

Sfwmmary. — ^The  beginnings  of  the  new  formation  are  groups 
of  cells  chiefly  round  the  walls  of  blood-vessels  in  the  sub- 
cutaneous tissue  of  the  neck.  The  cells  are  derived  from  the 
ordinary  connective-tissue  cells,  which  first  assume  the  spindle* 
shaped  embryonic  character,  and  afterwards  take  the  form  of 
large  cubical  or  spherical  or  polygonal  cells,  with  a  nucleus 
which  stains,  and  a  lai^e  peripheral  zone  of  clear  or  wateiy 
protoplasm  tinted  with  the  unmistakable  reddish-yellow  of 
hsamoglobin.  The  large  haemoglobin-tinted  cells  are  hoemaio- 
hlasls,  and  it  is  their  instability  or  their  tendency  to  produce  red 
blood-discs  from  their  substance,  that  leads  to  the  disruption  of 
the  solid  core  of  new  formation,  and  to  the  establishment  of  a 
cystic  cavity.  The  walls  of  the  cavity  have  the  structure  of 
granulation-tissue,  its  villous  projections  being  traversed  by 
wide  parallel  vessels  ending  in  loops,  and  the  columns  of  cells 
being  perivascular.  The  red  blood-corpusdes  are  formed  from 
the  zone  of  hsemoglobin-tinted  protoplasm  by  detsu^hment  or  by 
budding,  and  the  detachment  of  pieces  of  the  protoplasm  is 
accompanied  by  extensive  divisions  of  the  nucleus,  the  nuclear 
particles,  however,  having  no  share  in  the  composition  of  the 
blood-discs.  The  red  blood-corpuscles  thus  formed  from  con- 
nective-tissue cells  in  the  interstices  of  the  connective  tissue 
may  be  carried  to  the  lymphatic  glands,  the  lymph-sinuses  of 
the  latter  being,  in  fact,  full  of  them. 

^  Yirchow's  Arehiv.  yoL  xxxiii.  p.  209. 
VOL.  XIV.  Y 
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So  far,  ihe  observations  here  recorded  form  a  contribution  to 
the  pathology  of  sero-sanguineous  cysts.  But,  more  generally, 
we  have  here  to  deal  with  a  remarkable  revival  of  the  blood- 
forming  function  of  the  mesoblast.  The  case  is  interesting  in 
itself,  but  it  is  still  more  interesting  as  revealing  the  physio* 
logical  type  of  certain  other  tumours  that  belong  more  literally 
to  the  sarcomatous  class,  and  as  illustrating  the  physiological 
afiSnities  of  the  ordinary  granulations  of  repair.  The  other 
tumours,  together  with  the  granulation  structure,  will  form  the 

subject  of  the  sections  that  follow. 

» 

II.  Pathology  of  Two  Cases  of  Mucous  Sarcoma  (Sarcoma 

MYXOMATODES),    ONE    OF    THEM    CySTIC.       (FigS.    7    and    8,  { 

Plate  XV.) 

like  the  case  of  sero-sanguineous  cystic  tumour  described  in 
the  preceding  section,  the  two  cases  of  mucous  sarcoma  occurred 
in  the  dog  in  the  subcutaneous  tissue ;  one  of  them,  like  the 
sero-sanguineous  cyst,  occurred  in  the  neck  region,  and  had  a 
cystic  interior ;  the  other  was  seated  under  the  skin  of  the  hip.  • 
There  is,  therefore,  a  prima  fade  reason  for  grouping  this  pair  of 
growths  with  the  case  first  described.  The  study  of  their  histo- 
genesis discovers  an  afBnity  with  that  case  of  the  closest  kind. 

Description  of  the  Tvmours. — The  tumour  that  was  cystic  was 
removed  from  a  dog  at  the  Brown  Institution,  London,  in  July 
1875.  It  lay  close  under  the  skin,  a  piece  of  skin  being  removed 
with  it.  The  fluid  in  its  interior  was  clear,  brownish,  and  of 
mucous  consistence ;  there  is  no  record  of  its  microscopic  exami- 
nation. The  entire  growth  had  an  average  diameter  of  about 
3  inches,  and  the  cystic  space  in  its  interior  was  small  in 
proportion  to  the  whole,  the  walls  being  at  some  parts  more 
than  an  inch  thick.  The  central  excavation  extended  between 
and  behind  tuber-like  masses  on  the  periphery,  so  that  the  solid 
masses  of  the  tumour  might  be  said  to  hcuig,  here  and  there,  from 
the  wall  of  the  cyst  by  a  thick  pedicle.  From  these  characters 
the  tumour  might  be  at  first  taken  to  belong  to  the  class 
described  by  Johannes  Mliller  as  Cystoma  proliferum,  but  it 
would  be  erroneous  to  suppose  that  the  soUd  masses  projecting 
into  the  central  cavity  had  grown  out  from  the  walls  of  a  cyst 
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already  formed.  Cystic  spaces,  not  of  regular  round  shape,  but 
elongated  and  narrow,  were  found  at  several  points  in  the 
interior  of  the  thick  masses  round  the  walL  The  solid  masses 
of  tumour  tissue  were  soft  and  almost  gelatinous. 

The  second  of  the  two  cases  was  removed  from  the  hip  of  a 
dog  at  the  Brown  Institution  in  February  1876.  It  lay  close 
under  the  skin,  and  it  was  diagnosed  before  the  operation  to  be 
a  cyst.  It  proved  to  have  no  actual  cystic  interior,  but  its 
texture  was  throughout  mobile  or  fluctuating,  although  it  had 
more  the  aspect  of  a  fibrous  than  of  a  uniformly  gelatinous  tissue. 
It  was  definitely  rounded,  flattened  on  its  lower  surface,  and 
about  2  inches  average  diameter. 

Structure  of  the  TuTnours.-^ThQ  minute  structure  is  the  same 
in  both  tumours ;  it  is  that  of  mucous  sarcoma  {Sarcoma  myxo- 
Tnatodes  or  Myocoma  medullare).  The  non-cystic  tumour  from 
the  hip  has  afforded  specimens  of  connective-tissue  tumour 
structure  that  are  unusually  well  suited  to  be  "show"  pre- 
parations; but  I  have,  unfortunately,  been  unable  to  intro- 
duce a  drawing  from  them  among  the  illustrations.  Fig.  7, 
from  the  cystic  growth  in  the  neck,  shows  the  prevailing  struc- 
ture with  sufficient  accuracy.  The  cells  are  large,  about  three 
times  the  diameter  of  a  lymphoid  cell  or  colourless  blood- 
corpuscle,  and  somewhat  flattened  on  one  or  more  sides.  They 
have  a  central  nucleus  and  a  wide  zone  of  cell-substance  which 
is  especially  granular  at  the  periphery.  Like  all  mucin-con- 
taining  elements  prepared  in  the  same  way,  the  cells  colour 
quickly  and  deeply  with  logwood.  Immersion  of  the  sections 
for  a  very  short  time  in  logwood  serves  to  bring  out  the  charac- 
teristic tumour-cells  deeply  stained,  while  other  cells,  in  the 
intermediate  ground-substance  or  in  the  walls  of  vessels,  are 
only  faintly  coloured  by  so  brief  an  immersion.  The  arrange- 
ment of  the  cells  in  longer  or  shorter  parallel  rows,  as  shown  in 
the  figure,  is  characteristic,  and  is  especially  marked  in  the 
non-cystic  tumour  of  the  hip.  In  the  latter,  the  parallel  and 
regular  order  of  the  cells  is  most  remarkable.  Tendon-cells 
among  the  tendon-bundles,  as  brought  out  by  gold  colouring  or 
by  the  action  of  acetic  acid,  are  not  more  regular.  The  woodcut 
which  I  have  introduced  on  page  30  of  this  volume,  to  show  the 
cells  of  a  tendon  in  a  granulating  stump,  may  be  taken  as 
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representing,  with  hardly  sufficient  clearness,  the  extraordinary 
regularity  of  the  cells  in  this  tumour.  Where  a  tract  of  parallel 
fibres  takes  a  bend  or  a  waving  course,  the  regular  rows  of  the 
tumour-cells  follow  the  curve  exactly.  But  for  the  size  and 
perfect  contour  of  the  cells,  a  section  of  this  tumour  might  be 
taken  for  a  section  of  inflamed  tendon.  The  connective>tissue 
corpuscles  have  started  up  from  their  concealment  among  the 
parallel  fibrils,  and  have  assumed  the  character  of  tumour-cells ; 
the  ceUs  of  the  connective  tissue  have  undergone  important 
transformations,  but  they  have  not  been  disturbed  from  their 
regular  and  orderly  arrangement. 

The  intermediate  ground-substance  was,  in  the  cystic  case, 
granular  after  the  tumour  had  been  preserved  in  the  fluids 
already  mentioned,  and  it  was  no  doubt  hyaline  when  fresh ;  in 
the  other  case  the  ground-substance  was  composed  either  of 
fibrils  or  of  thicker  homogeneous  bundles  which  stained  per- 
ceptibly. 

Tissiie-origin  and  Affinities  of  the  Tumour  Structure, — ^The 
orderly  arrangement  of  the  tumour-cells,  especially  in  the  non- 
cystic  case,  is  in  itself  enough  to  show  that  they  have  sprung  % 
directly  from  the  connective-tissue  corpuscles'  of  the  sub- 
cutaneous tissue.  The  ordinary  cells  of  the  tissue  have  changed 
into  tumour  cells  without  losing  their  regular  inter-fibrillar 
position;  they  do  not  even  appear  to  have  proliferated  or  to 
have  multiplied  by  division,  but  simply  to  have  undergone  in 
situ  a  rapid  change  in  size  and  form  and  composition.  But 
there  are  parts  of  the  tumours,  especially  of  the  cystic  growth 
from  the  neck,  where  the  transformation  is  less  direct,  and  in  ^ 
wliich  the  steps  of  the  process  may  be  made  out  Fig.  8  shows 
the  more  varied  appearances  in  one  of  these  preparations.  At 
the  left  side  of  the  figure  are  a  number  of  parallel  spindle- 
shaped  cells ;  they  are  connective-tissue  corpuscles  that  have 
gone  back  to  their  embryonic  state.  The  spindle-shaped  cell 
grows  in  thickness  at  its  central  part,  and  its  long  thread-like 
processes  come  to  be  stunted  projections  at  the  poles  of  an 
almost  round  sphere,  and  generally  visible  at  one  pole  only.  At 
the  next  step  the  cell  is  a  large  round  spherical  element,  with  a 
central  nucleus  and  a  broad  zone  of  protoplasm.  The  proto- 
plasm has  at  the  same  time  acquired  the  reddish  tinge  of  hcBtruh 
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globin,  and  the  cells  have  all  the  characters  of  the  hcBmaioUasts 
described  in  the  last  section.  If  there  be  any  difference,  it  is 
that  the  haemoglobin-tinted  protoplasm  of  the  cells  in  these 
cases,  destined  to  a  further  mucous  transformation,  may  be  said 
to  be  in  some  cases  bounded  by  a  delicate  sac-like  cell-wall, 
while  in  the  other  hsematoblasts  the  reddish  protoplasm  adhered 
round  the  nucleus  without  any  restraining  membrane  or  pellicle. 
That  we  have  here  to  deal  with  the  same  function  or  activity 
of  the  embryonic  connective  tissue  as  in  the  former  case  is 
further  shown  by  the  presence  of  red  blood-corpuscles  scattered 
around  the  cells,  and  by  the  evidences  of  their  detachment  from 
the  reddish  protoplasm  of  some  of  them.  It  would  have  been 
difficult  to  collect,  from  the  present  pair  of  tumours,  a  group  of 
^  ^  hsematoblasts  such  as  are  figured  from  the  first  case  in  the  upper 
part  of  Plate  XIY.  Equally  good  instances  of  haematoblasts  in  the 
process  of  breaking  up  into  red  corpuscles  might  not  have  been 
found,  partly  because  they  are  much  less  abundant;  but  the 
figures  of  entire  and  perfect  hsematoblasts  might  have  been 
taken  as  well  from  the  former  cases  as  from  the  latter.  It  is 
always  difficult,  in  the  prepared  tissues,  to  find  the  actual  steps 
^<  of  any  cell  transformation,  and  the  tissue  described  in  the  first 
section  must  be  considered  unusually  favourable  for  that  pur- 
pose. But  in  the  second  pair  of  subcutaneous  tumours  the 
process  may  be  followed  mth  sufficient  certainty  with  the  help 
of  those  indications  which  the  case  of  sero-sanguineous  cyst 
supplies.  I  have  referred  to  a  numerous  class  of  ceUs,  with 
nudeus  divided  into  three  or  more  pieces,  and  with  a  narrow 
I    ">  fringe  of  reddish  protoplasm;    they  were  what  remained   of 

I  hsematoblasts  that  had  detached  the  greater  part  of  their  proto- 

plasm in  the  form  of  red  blood-discs.  Their  occurrence  was 
taJken  as  showing  that  the  formation  of  blood-discs  fromhsemato- 
blasts  had  been  going  on.  The  very  same  cells  occur  in  consider- 
able numbers  in  the  preparations  from  which  fig.  8  is  taken,  and 
red  blood-corpuscles  occur  beside  them.  We  may  therefore 
claim  to  have  found,  in  the  present  cases,  the  same  evidences  of 
red  blood  formation  from  embryonic  connective  tissue  as  in  the 
case  of  the  sero-sanguineous  cyst.  The  tendency,  at  least,  to 
blood  formation  is  there. 

But  the  resemblance  is  only  in  the  initial  stages  of  the 
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hsematoblastic  process.  The  large  polygonal  cells  in  the  present 
pair  of  cases  are,  for  the  most  part,  hsematoblasts  only  for  a 
point  of  time ;  by  far  the  greater  number  of  them  do^  not  go  on 
to  detach  their  protoplasm  in  the  form  of  red  blood-corpuscles, 
but,  preserving  their  entirety,  they  undergo  a  mucous  transforma- 
tion— ^their  substance  becoming  granular — ^which  turns  them 
into  the  characteristic  cells  of  the  tumour  structure.  The 
hsematoblastic  function  of  the  embryonic  connective  tissue  is 
clearly  manifested,  but  it  is  manifested  only  for  a  point  of 
time,  and  it  is  then  diverted  from  the  physiological  track  and 
into  a  track  which  is  purely  pathologicaL  The  cells  of  a 
sarcoma  myxomatodes  may  be  traced  back  to  a  point  in  their 
history  where  the  physiological  type  is  clear,  but  they  are  them- 
selves elements  which  have  no  physiological  analogy.  In  the 
case  of  the  sero-sanguineous  cyst,  the  revived  blood-formiiig 
function  of  the  connective  tissue  was  carried  on  the  whole  to  a 
normal  issue ;  the  cystic  tumour  no  doubt  existed  as  such,  but 
a  new  formation  came  into  existence,  not  so  much  because  the 
activity  that  the  connective  tissue  of  the  part  took  on  was  ab- 
normal, but  because  the  access  of  blood-forming  activity  c€kme  to 
it  long  after  the  time  for  local  blood  formation  was  past,  and  in 
the  midst  of  tissues  that  were  fixed  in  their  adult  structure  and 
functions. 

Summary. — The  two  tumours  described  in  this  section  are 
perfect  examples  of  connective -tissue  or  sarcomatous  new 
growths;  the  cells  are  large  nucleated  elements  with  partly 
rounded  and  partly  flattened  sides,  regularly  placed  in  the 
interstices  of  the  ground-substance ;  the  ground-substance  is  in 
the  one  (cystic)  case  hyaline,  and  in  the  other  case  chiefly 
fibrillar ;  the  cells  and  ground-substance  show  the  mucous  re- 
action very  clearly,  and  one  of  the  tumours  developed  a  cystic 
cavity  filled  with  mucous  fluid.  The  tumours  are  exquisite 
types  of  Sarcoma  myxomatodes.  But,  when  we  have  satisfied  the 
legitimate  desire  to  place  the  tumours  in  their  class,  we  are 
entitled,  on  the  evidence  of  their  tissue-origin,  to  add  that  their 
elements  have  passed  through  the  phase  of  hsematoblasts ;  that 
in  certain  places  the  cells  may  be  detected  in  large  numbers, 
showing  the  perfect  character  of  the  haemoglobin-tinted  cells 
described  in  detail  in  the  last  section,  and  that  a  certain  number 
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of  the  primitive  cells  appear  to  have  actually  adhered  to  the 
physiological  destiny  of  hsematoblasts  and  to  have  given  origin 
to  red  blood-corpuscles.  The  two  cases  of  Sarcoma  myxomaJtades 
are  therefore  in  their  early  history  illustrations  of  the  blood- 
forming  function  of  the  connective-tissue  cells  or  of  the  em- 
bryonic mesoblast 

III.  Pathology  of  a  Subcutaneous  Cyst  of  the  Back,  with 
Granulation-like  Interior.  (Fig.  6,  Plate  XTV.,  and  fig. 
9,  Plate  XV.) 

Description  of  the  Cyst. — ^This  growth  occurred  under  the  skin 
between  the  scapulae  in  a  middle-aged  man,  and  was  removed  by 
Dr  Humphry  at  Addenbrooke's  Hospital  in  October  1879.  It 
was  about  the  size  of  a  walnut,  and  contained  a  turbid  brownish 
fluid.  It  was  not  encapsuled,  its  periphery,  as  removed,  being 
formed  in  an  indefinite  way  of  somewhat  dense  connective  tissue^ 
largely  occupied  by  fat.  Its  interior  was  for  the  most  part  uneven 
or  irregularly  trabeculated  or  frayed  out;  but  on  one  side  there  was 
a  loculus  or  recess  which  was  covered  with  a  thick  layer  of  scales. 
The  occurrence  of  epidermic-like  scales  in  the  interior  of  a  cyst 
is  admittedly  no  evidence  that  the  cyst  is  formed  from  sebaceous 
glands  by  the  retention  of  their  secretion.  Cysts  that  are  more 
distinctly  atheromatous  or  sebaceous  or  dermoid  than  the  present 
case  are  known  to  form  as  independent  new  growths  in  the 
depths  of  the  subcutaneous  tissue,  and,  as  regards  this  cyst,  there 
is  no  suggestion  whatever  that  it  belongs  to  the  class  of  cysts 
by  retention. 

Structure  and  Affinities  of  the  New  Oroiffth,— The  new  forma- 
tion forming  the  wall  of  the  cyst  was  in  some  places  a  quarter 
of  an  inch  thick.  The  structure  is  shown  in  fig.  9,  Plate  XV. 
The  structure  is  that  of  granulation-tissue,  and  it  is  on  the  whole 
not  unlike  the  granulation-tissue  of  a  granulating  surface.  I 
have  compared  the  preparations  from  the  wall  of  this  cyst  with 
preparations  from  a  granulating  stump  of  the  leg  (which  failed 
to  cicatrize),  and  I  can  find  no  very  marked  points  of  difference. 
In  both  cases  there  are  granulation-ceUs,  consisting  chiefly  of  a 
very  granular  nucleus  with  little  or  no  clearly  differentiated 
cell-substance,  and  the  cells  are  clustered  round  the  walls  of 
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vessels.    The  vessels  are  the  u£Aial  wide  vessels  of  granulation 
tissue,  of  simple  capillaiy  structure,  running  with  a  parallel 
course  towards  the  surface,  and  there  joining  with  one  another 
in  loops.    Even  in  the  deeper  strata,  where  the  formative  pro- 
cess extends  into  the  subjacent  conneptive  tissue  in  narrow 
tracts,  the  appearances  from  the  granulating  stump  are  much 
the  same  as  those  in  the  cyst  walL    The  first  impulse  is  to 
ascribe  the  granulation  structure  round  the  wall  of  this  cyst  to 
an  "inflammatory"  irritation  somehow  set  up,  and  so  to  reduce 
it  to  a  category  that  is  at  least  very  famiUar.    But  a  subcutaneous 
cyst  enucleated  by  operation  is  not  an  abscess,  and  from  first  to 
last  in  this  case  there  did  not  appear  to  have  been  present  either 
the  redness,  or  the  heat,  or  the  pain,  or  the  swelling  of  inflam- 
mation.   The  true  analogy  for  the  cyst  is  not  the  interior  of  an 
opened  abscess  cavity,  but  the  interior  of  the  sero-seuaguineous  cyst 
described  in  the  first  section.    The  analogy  of  the  reparative  pro- 
cess that  follows  inflammation  lies  no  doubt  near  at  hand,  but 
the  process  is  not  so  much  intelligible  in  itself  as  it  is  familiar. 
The  occurrence  of  a  sero-sanguineous  cyst  is  a  comparatively 
rare  event  in  the  organism,  but  when  that  process  is  set  up,  it 
carries  us  nearer  to  the  foimtain-head  of  physiological  activity, 
and  may  serve  actually  to  throw  light  upon  so  common  a  pro- 
cess as  that  which  occurs  in  a  granulating  surface.    The  interior 
of  the  sero-sanguineous  cyst  had  also  the  granulation  character 
(fig.  3,  Plate  XIII.), — wide  vessels  of  simple  capillary  structure 
running  in  a  parallel  direction  towards  the  surface,  and  there 
forming  loops  with  one  another,  and  cells  grouped  closely  round 
the  walls  of  the  vessels.    In  the  deeper  layers  there  are  precisely 
the  same  scattered  centres  of  perivascular  cells  as  in  the  deeper 
layers  of  the  granulation-like  interior  of  the  present  cyst,  or  of 
the  analogous  granulating  surface.    Again,  in  the  granulation- 
structure  of  the  sero-sanguineous  cyst,  there  are  riper  cells  and 
cells  less  mature.    The  former  are  found  farthest  from  the  walls 
of  vessels,  in  the  intervals  between  the  granulation-like  vascular 
tufts,  and  on  the  free  extremities  of  the  same.     It  is  in  those 
situations  that  the  Jujematoblasta  are  most  active  in  forming  blood, 
and  it  is  in  the  analbgous  situations  that  the  granulation  cells  of 
a  granulating  surface  are  most  active  in  forming  piLS. 

The  cyst  with  granulation-like  interior  does  not,  however,  form 
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pus.  On  the  other  hand,  it  forms  blood.  If  reference  be  made 
to  the  large  drawing  of  the  stmcture  of  the  cyst-wall  (fig.  9, 
Plate  XY.),  it  will  be  observed  that  the  dense  columns  of  granu- 
lation-like cells  round  the  walls  of  vessels  alternate  with  lighter 
spaces  where  the  cells  ajre  larger  and  less  deeply  coloured.  The 
cells  in  the  lighter  spaces  are  not  all  the  same  in  size  and  form, 
but  they  all  belong  to  the  same  class.  They  grow  out  of  the 
ordinary  perivascular  cells  of  the  tissue,  becoming  larger  and  at 
the  same  time  differentiating  their  nucleus  from  the  zone  of 
protoplasm.  The  zone  of  protoplasm  acquires  a  yellowish  tint, 
and  the  cells  become  in  all  essential  respects  the  same  as  the 
hcematdblasts  of  Section,  L  Several  examples  of  them  are  given 
in  the  lower  part  of  Plate  XIV.  fig.  6.  Their  protoplasm  has 
never  the  clear  and  watery  characters  of  the  heematoblasts  in 
the  blood-cyst,  and  the  colour  is  not  so  exactly  the  reddish 
colour  of  hsemoglobin.  Their  substance  is  more  yellow  in  tint 
and  more  granular,  but  it  breaks  up,  none  the  less,  into  red  blood- 
corpuscles.  The  red  blood-discs  are  not  budded  off  from  the 
side  of  the  cell,  as  in  the  remarkable  process  of  ceU-disintegra- 
tion  before  described,  but  the  whole  cell — the  nucleus  being 
driven  to  one  side  or  having  become  invisible  altogether — seems 
to  fall  to  pieces  as  a  heap  of  blood-corpuscles.  I  have  counted 
as  many  as  fifteen  or  twenty  red  blood-discs  in  a  round  compact 
heap  remaining  from  the  break-up  of  one  of  the  larger  cells.  With 
these  differences,  we  detect  the  same  hsematoblastic  function  in 
the  cells  of  the  granulation-like  cyst-wall  as  in  the  cells  of  the 
sero-sanguineous  cyst.  In  both  cases  the  great  blood-forming 
function  of  the  embryonic  mesoblast  tends  to  assert  itselL 

The  origin  of  the  surface  scales  that  occurred  over  a  certaia 
part  of  the  wall  of  the  cyst  is  a  point  of  collateral  interest,  but, 
as  the  evidence  is  clear,  the  subject  may  be  noticed  here  briefly. 
The  scales  were  large  flat  cells,  like  those  found  in  the  transition 
from  skin  to  mucous  membrane.  The  deeper  rows  of  them  were 
cubical.  In  the  sections  of  the  entire  cyst- wall  the  transition 
stages  of  the  surface  scales  could  be  traced  down  to  the  ordinary 
granulation-like  cells.  The  same  class  of  cells,  which  enlarged 
to  form  haematoblasts  and  angioblasts,  underwent  a  change  in 
another  direction  to  become  the  flat  cells  of  the  surface. 

Blood-forming  Function  of  Embryonic  Cells  in  InJlamTnaiion, 
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— Before  pointing  out  the  claims  of  the  granulation-like  interior 
of  this  cyst  to  be  considered  as  a  granulation-like  sarcoma  (Bind- 
fleisch),  or  a  round-ceUed  sarcoma  (Yirchow),  I  shall  quote  from 
Professor  Strieker  ( Vorlesungen  iiber  AUgenume  vmd  Experimewt* 
die  Pathdogie,  Wien,  1877-79)  certain  remarks  on  the  formation 
of  red  blood-corpuscles  in  inflammation.  At  page  309  he  ob- 
serves : — "  But  I  must  at  once  add  that  not  all  the  red  blood- 
corpuscles  which  one  meets  with  in  inflammation-centres  have 
escaped  from  the  blood-vessels.  Everywhere  in  centres  of  in- 
flammatory action  red  blood-corpuscles  may  arise  from  colour- 
less elements,  just  as  is  the  case  in  the  embryo."  And  recurring 
at  page  436  to  this  subject  in  greater  detail,  he  says : — ''  It  re- 
mains for  me  stUl  to  speak  of  the  new  formation  of  red  blood- 
corpuscles  in  inflammatory  centres.  •  •  .  Opinions  differ  as  to 
the  way  in  which  the  new  blood-vessels  develop.  But,  as  re- 
gards the  blood  which  enters  the  new  vessels,  there  is  a  general 
opinion  that  it  comes  from  the  old  vessels.  In  so  far  as  the 
new-formed  vessels  are  already  taken  into  the  circuit  of  the 
circulation,  that  is  a  matter  of  course.  But  in  newly  vascular- 
ised  tissues  there  are  also  vessels  which  are  not  yet  joined  on  to 
the  circulation,  which  are  still  blind  sacs,  and  nevertheless  con- 
tain blood-corpuscles.  Whence  come  these  elements  ?  I  have 
been  enabled,  in  the  cornea  of  the  frog  as  well  as  of  the  rabbit, 
to  prove  the  new  formation  of  blood  with  all  conceivable  cer- 
tainty. .  .  .  Two  facts  may  be  determined  for  certain  from  such 
corneas  [in  which  pannus  had  been  artificially  set  up].  First, 
that  there  were  present  formed  elements  with  a  quite  obvious 
colour,  although  in  many  places  they  had  the  character  of  colour- 
less cells,  viz. :  they  were  finely  granular,  they  had  a  remarkable 
irregularity  of  surface,  and  an  apparent  closeness  of  textura 
Such  young  forms  of  red  blood-corpuscles  lay  partiy  free  in  the 
midst  of  the  inflamed  corneal  tissue,  and  in  part  they  were  con- 
tained in  the  closed  saccular  blood-vessels.  Secondly,  it  ap- 
peared that,  in  the  inflamed  cornea,  blood  and  blood-vessels  are 
formed  exactly  as  Elein  has  seen  them  forming  in  the  embryo 
chick,  viz.:  in  the  larger  elements  blood-corpuscles  are  pro- 
duced endogenously,  while  the  coat  of  the  cell  becomes  the 
wall  of  the  vesseL  .  .  .  Having  shown  you  that  in  inflamma- 
tion-centres red  corpuscles  arise  from  colourless  cells,  I  must 
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now  add  that  this  transformation  first  sets  in  when  the  inflam- 
matory process  has  lost  in  intensity.  So  long  as  the  process  is  of 
a  very  tempestuous  kind,  so  long  as  the  new-formed  cells  divide 
rapidly,  blood-formation  is  not  attained  to.  The  formation  of 
blood  is  rather,  as  I  have  already  emphasised,  an  accompaniment 
of  the  new  formation  of  tissue." 

Oiant' Cells  as  Vaso-FormcUive  CeUa, — Scattered  among  the  cells 
in  the  lighter  intervals  of  fig.  9,  which  I  have  classed  as  hsema- 
toblasts,  are  a  number  of  multinuclear  elements  that  grow  out  of 
the  other  cells  through  transitions  such  as  are  represented  at  the 
foot  of  Plate  XIY.  fig.  6.  The  larger  of  them  are  exquisite  ex- 
amples of  giant-cells,  with  a  circlet  of  nuclei  round  their  margin. 
The  vaso-formative  character  of  such  cells  has  been  pointed  out 
by  Brodowski,  Ziegler,  and  others,  and,  in  a  former  paper  in  this 
Jofwnud}  I  have  shown  that  precisely  the  same  kind  of  cells  occur 
in  the  deeper  strata  of  the  placenta  (of  the  guinea-pig),  and  that 
they  are  the  direct  means  by  which  the  wide  blood-channels  in 
the  deeper  parts  of  the  placenta  are  formed.  The  controversy 
about  the  origin  and  significance  of  this  kind  of  giant-cell  in 
morbid  products  still  goes  on.  I  shall  rely  upon  my  former 
demonstration  of  their  exact  physiological  type  in  the  placenta, 
and  accept,  without  any  hesitation,  the  doctrine  that  they  are 
vaso-formative  cells  or  angioblasts  (Brodowski).  The  lowest  of 
the  group  of  cells  in  fig.  6  is  a  giant-cell,  from  which  the  granular 
protoplasm  of  the  interior  has  fallen  out,  leaving  merely  a  peri- 
pheral row  of  nuclei ;  the  cell  lies  in  the  preparation  close  to  the 
entire  giant-cell  above  it  in  the  figure,  and  there  is  no  doubt 
that  the  lower  of  the  two  represents  the  excavated  condition  of 
vaso-formative  giant-cells.  The  central  substance  has  generally 
the  yellowish-brown  colour  represented  (of  somewhat  too  deep  a 
shade)  in  the  figure,  not  dififering  markedly  from  the  tinted  cell- 
substance  of  haBmatoblasts.  The  central  substance  of  the  giant- 
cell  doubtless  breaks  up,  in  many  instances,  into  a  mass  of  red 
blood-discs,  but  there  are  cases  in  which  it  seems  to  fall  into  a 
condition  of  granular  detritus. 

1  *'  Further  Obserrations  on  the  Formation  of  the  Placenta  in  the  Guinea-pig,*' 
and  ''The  Physiological  Type  of  the  Giant-cells  of  Tubercles  and  Granulations," 
vol.  xiii.  p.  173.  The  second  of  the  two  papers  contains  an  account  of  the 
observations  of  Brodowski,  Ziegler,  and  others. 
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We  thus  detect  in  the  embryonic  connective-tissue  cells  that 
form  the  wall  of  this  cyst,  not  only  a  tendency  to  form  blood- 
corpuscles,  but  also  a  tendency  to  form  blood-vessels,  and  those 
tendencies  may  be  said  to  be  a  clear  expression  of  the  earliest 
and  most  deeply-rooted  function  of  the  embryonic  mesoblast 

GrramdcUion-like  Interior  of  thi  Oyst  considered  as  OramticUion'' 
like  Sarcoma. — The  kind  of  connective-tissue  cellular  growth 
which  Yirchow  called  a  small  round-celled  sarcoma  has  been 
named  by  Bindfleisch  a  granulation-like  sarcoma.  The  latter 
observes — ^''The  structure  of  the  round-celled  sarcoma  differs 
only  quantitatively  from  that  of  granulations.  The  vessels  are 
in  part  wider  and  thicker  in  the  walls ;  but  where  they  pass  into 
capillary  vessels,  the  latter  are  as  delicate — often  formed  of  only 
a  single  layer  of  cells — ^as  we  saw  the  vessels  of  granulations  to 
be.  The  intervals  between  the  vessels  are  everywhere  uniformly 
fiUed  with  the  round  cells  and  the  soft  and  formless  ground 
substance  of  the  embryonic  tissue."  That  description  of  a 
round-celled  sarcoma  evidently  corresponds  to  the  structure  of 
which  the  wall  of  the  cyst  was  composed  (see  fig.  9).  The 
tumour  may  be  regarded  as  a  round-celled  sarcoma  that  has 
become  cystic ;  and  the  fact  that  the  spindle-celled  sarcoma  to  be 
described  in  the  next  section  underwent  the  same  cystic  excava- 
tion, and  showed  in  part  the  same  kind  of  attenuated  cyst-wall, 
will  serve  by  analogy  to  show  that  the  designation  of  a  round- 
celled  sarcoma  become  cystic  is  as  appropriate  as  that  of  a  cyst  | 
with  granulation-like  interior. 

IV.  Case  of  Spindle-Celled  Sarcoma  with  Cystic  Interior, 

FROM  THE  Head  of  a  Dog, 

The  mode  of  formation  of  the  cystic  cavity  in  the  tumours 
already  described,  has  been  taken  to  be  that  an  originally  firm 
core  of  new-formed  tissue  has  undergone  disruption  and  central 
softening,  as  in  an  abscess.  The  tumours  would  be  considered 
in  the  first  instance  as  solid  centres  of  new  growth  in  the  sub- 
cutaneous tissue,  and  the  actual  new  growth  that  forms  their 
walls — of  considerable  thickness  in  some  cases — ^may  be  justly 
regarded  as  the  kind  of  new  growth  of  which  the  once  solid  I 

mass  consisted,  and  as  supplying  the  structural  indications  for  "^ 
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placing  the  tumours  in  their  respective  classes.  The  one  doubt- 
ful case  is  the  cyst  with  granulation-like  interior;  but  it  so  exactly 
resembles  the  hsematoblastic  tumour,  both  in  the  perivascular 
grouping  of  the  cells  and  in  the  granulation  character  of  the  in- 
terior, that  it  may  also  be  classed  as  a  new  growth,  in  the  proper 
sense  of  the  term,  as  distinguished  from  a  product  of  inilamma- 
tion,  and  more  particularly  as  a  round-celled  sarcoma  which  has 
become  cystic.  I  shall  describe  briefly  in  this  section  another 
case  of  sarcoma  become  cystic,  which  may  serve  to  illustrate  the 
process  of  cystic  excavation  in  the  other  cases. 

The  tumour  was  removed  from  the  head  of  a  dog  at  the  Brown 
Institution  in  July  1875.  The  cavity  was  filled  with  a  dear 
brown  fluid,  of  which  I  made  a  microscopic  examination  while  it 
was  still  warm.  The  fluid  contained  a  number  of  cells  of  very 
laige  size,  remarkable  for  their  active  amoeboid  movements. 
The  round  contour  of  the  cell  became  studded  at  various  points 
with  short  processes  of  the  protoplasm,  which  were  again  with- 
drawn, to  reappear  at  other  points.  The  cells  were  much  larger 
than  ordinary  amoeboid  cells,  and  might,  indeed,  be  said  to  be 
amoeboid  giant-cells.  Their  substance  appeared  to  be  uniformly 
granular,  and  was  colourless.  It  was  conceivable  that  they  were 
concerned  in  the  cystic  excavation,  in  some  such  way  as  osteo- 
clasts are  said  to  perform  the  office  of  bone  absorption ;  but  it 
was  difficult  to  identify  the  cells,  or  to  detect  any  evidences  of 
that  function,  in  the  sections  of  the  prepared  tumour. 

The  interior  of  the  tumour  presented  a  very  remarkable  and 
beautiful  appearance.  The  actual  free  space  in  its  centre  was 
not  large  in  proportion  to  the  size  of  the  whole  growth.  On  its 
superficial  aspect,  next  the  skin,  the  tumour  was  thinned  away 
to  a  mere  membrane,  about  a  line  thick,  and  the  surface  there 
presented  a  finely  nodulated  appearance.  The  deeper  side  of  the 
growth  was  nearly  an  inch  thick  at  its  thickest  part,  and  the 
substance  thinned  off  towards  the  upper  side.  All  round  the 
sides  of  the  central  cavity,  except  at  the  most  anterior  part, 
there  was  an  intricate  network  of  rounded  trabeculse,  about  a  line 
or  two  lines  in  thickness.  They  seemed  to  hang  into  and  to  cross 
the  central  space  of  the  tumour,  or,  more  especially,  the  hemi- 
spherical recess  of  its  posterior  segment,  like  stalactites  in  a  cave. 
The  surfaces  of    the  trabeculse  were  perfectly  rounded  and 
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smoothly  polished,  and  the  free  ends  of  the  numerous  broken  or 
incomplete  trabeculse  were  in  like  manner  rounded  and  smooth. 
There  was  no  doubt  that  this  was  a  solid  tumour  undergoing  a 
very  gradual  cystic  absorption.  The  structure  of  the  tumour 
was  that  of  a  small  spindle-celled  sarcoma.  In  the  midst  of  the 
solid  masses  on  the  posterior  wall,  slit-like  spaces  were  forming, 
and  the  mode  of  formation  was  as  follows : — The  spindle-cells 
became  globular,  the  nucleus  excentric,  and  the  protoplasm 
watery,  so  that  they  came  to  resemble,  in  form  at  least,  the 
haematoblasts  represented  in  Plate  XIV.  The  long  and  narrow 
crevices  in  the  midst  of  the  soUd  substance  were  evidently  made 
by  the  deliquescence  of  these  globular  cells. 

The  more  immediate  point  of  interest  is  the  condition  of  the 
attenuated  cyst- wall  next  the  skin,  corresponding  to  the  situ- 
ation where  an  abscess  would  point.  Sections  of  the  thin 
membrane-like  wall  showed,  on  the  whole,  a  remarkable  resem- 
blance to  the  general  condition  of  the  wall  in  the  cyst  with 
granulation-like  interior  described  in  Section  III.  The  super- 
ficial layers  of  spindle-cells  had  become  flattened  so  as  to 
resemble  epidermis,  and  the  cells  of  the  substratum  were  grouped 
in  papiUif  orm  or  granulation-like  columns.  There  were  also  some- 
times multinuclear  cells  among  them,  which  seemed  to  be  pieces  of 
the  nucleated  intermediate  ground-substance,  but  here  and  there 
they  presented  very  much  the  same  characters  as  the  vaso- 
formative giant-cells  that  occurred  in  the  other  case.  The 
spindle-celled  sarcoma  was  reduced  to  the  extreme  degree  of 
thinness  only  on  its  upper  surface,  whUe  the  round-celled 
growth  was  uniformly  attenuated  all  round.  That  is  the  chief 
Jdat  of  difference  beireen  them,  and  it  seems  reasonable,  from 
the  analc^,  to  describe  the  cyst  with  granulation-like  interior 
as  a  round-celled  sarcoma  that  has  become  cystic. 

It  would  be  a  somewhat  far-fetched  addition  to  the  argument 
to  adduce  the  spindle-cells  of  this  tumour  as  illustrating,  in 
their  deliquescence,  the  haBmatoblastic  function  of  the  embryonic 
connective  tissue.  The  case  is  an  instructive  member  of  the 
series,  as  occurring  in  the  subcutaneous  tissue  of  the  head  or 
neck,  and  as  undergoing  the  process  of  cystic  excavation,  al- 
though it  was  of  firm  spindle-celled  texture. 
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V.  Eevibw  OF  Five  Cases  of  Subcutaneous  Cystic  Tumours, 

AND  OF  Miscellaneous  Cases. 

Of  the  five  cases  that  form  the  subject  of  this  paper,  two  may 
be  taken  as  perfect  examples  of  Sarwma  myxorruitodes,  one  has 
the  main  features  of  a  granulation-like  or  round-celled  sarcoma, 
one  is  a  good  example  of  sarcoma  made  up  of  small  spindle* 
cells,  and  one,  if  it  be  called  sarcomatous  at  all,  is  a  "  haemato- 
blastic"  sarcoma.  The  last  mentioned  is  so  unstable  in  its 
texture,  that  its  connective-tissue  affinities  are  apt  to  be  over- 
looked and  its  character  as  a  sero-sanguineous  cyst  alone  noticed ; 
but  the  other  cas^,  which  may  be  fairly  reckoned  sarcomatous 
tumours,  are  also  cystic.  It  is  the  cystic  characters  of  the  group 
^  which  make  them  more  or  less  imperfect  specimens  of  sarcoma 
for  classification  purposes,  but  it  is  from  their  cystic  characters 
that  they  derive  their  interest  for  general  pathology.  Although, 
from  one  point  of  view,  these  tumours  are  subcutaneous  cysts, 
they  are  from  a  more  comprehensive  standpoint  new  formations 
springing  from  the  connective-tissue  cells,  and  illustrating  the 
I  physiological  activity  of  those  cells.  It  is  because  the  connective- 
^*  tissue  elements,  of  which  they  consist,  manifest  a  certain 
instability,  that  they  have  become  cystic  in  varying  degrees,  and 
that  instability  of  their  elements  is  the  character  which  brings 
to  light  their  somewhat  obscure  physiological  relations.  The 
instability  reaches  its  highest  point  in  the  hsematoblastic  forma- 
tion, and  the  issue  is  in  that  case  a  sero-sanguineous  cyst  In 
the  cyst  from  the  back,  with  granulation-like  interior,  the 
^  unstable  quality  of  the  connective-tissue  cells  to  which  the  cyst 

is  owing,  is  not  so  purely  of  the  physiological  type  as  in  the 
first  case ;  there  are  obvious  points  of  affinity  with  the  haemato- 
blastic  disint^ration,  but  there  are  also  points  of  affinity  with  the 
disruption  of  a  hard  core  of  tissue  of  inflammatory  origin.  In 
the  two  cases  of  mucous  sarcoma,  the  cells  are  as  if  preserved 
from  the  fate  of  true  hsematoblasts  to  undergo  a  subsequent 
disintegration,  of  the  mucous  instead  of  the  sero-sanguineous 
kind.  In  the  case  of  the  spindle-celled  sarcoma,  the  growth 
corresponds  so  perfectly  in  structure  to  the  ordinary  persistent 
and  durable  type  of  tumour,  that  it  is  difficult  to  understand 
why  its  elements  should  have  become  in  any  degree  unstable. 
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It  is  not  for  nothing  that  these  new  formations  of  the  sub- 
cutaneous connectiye  tissue  are  liable  in  common  to  cystic 
disintegration.  The  type  of  the  instability  of  their  elements  is 
found  in  the  sero-sanguineous  cyst,  where  the  firm  new  growth 
breaks  down  in  accordance  with  the  strict  physiological  law  of 
blood-formation.  The  destiny  of  the  cells  in  that  tumour  is 
completely  fulfilled,  and  red  blood-corpuscles  are  formed  in 
enormous  numbers.  The  same  ripening  of  cells  towards  their 
physiological  destiny  is  seen  in  the  lighter  spaces  of  the  granula- 
tion structure  in  the  cyst  from  the  back.  In  the  cases  of 
mucous  sarcoma,  the  cells  are  all  haBmatoblasts  for  a  point  of 
time,  but  the  normal  fate  of  hsematoblasts  is  avoided,  and  the 
cells  preserve  their  integrity,  with  the  UabiUty,  however,  of  a 
subsequent  mucous  instability.  The  spindle-celled  tumour 
remains  for  the  most  part  solid  and  enduring,  but  where  it  does 
develop  spaces  in  its  interior,  it  is  from  the  spindle-cells  becom- 
ing globular  in  form  and  watery  in  substance,  and  therein 
following  in  the  track  of  the  unstable  connective-tissue  cells  of 
the  other  cases.  The  last  mentioned  case  shows  only  in  the 
most  remote  degree,  if  at  all,  the  evidences  of  a  tendency 
towards  blood-formation  in  its  connective-tissue  elements ;  but 
the  other  cases  show  such  a  tendency  in  the  most  direct  and 
obvious  manner.  That  which  distinguishes  them  and  links 
them  together  is  the  tendency — ^it  may  be  subordinated  but  still 
present — of  their  connective-tissue  elements  to  form  blood.  The 
peculiarity  which  runs  through  or  underlies  the  tumour  process 
in  these  cases  is  the  more  or  less  clearly  asserted  blood-forming 
function  of  the  embryonic  connective-tissue  cells.    The  blood-  >^ 

forming  function  is  the  earliest  and  greatest  function  of  the 
mesoblast ;  it  may  be  said  to  be  the  most  deeply-rooted  tendency 
of  embryonic  connective-tissue  cells,  or  the  "memory"  of  an 
earlier  period  which  is  most  strongly  retained  It  is  not  asserted 
that  the  revival,  in  post-embryonic  times,  of  this  great  function 
of  the  connective  tissue  is  the  reason  why  tumours  arise  in  the 
connective  tissue,  but  it  may  be  truly  said  that  the  revival  of 
embryonic  activity  in  the  connective  tissue^  to  which,  the 
tumours  of  that  tissue  are  referable,  is  apt  to  bring  to  the  surface 
the  greatest  and  most  elementary  aspect  of  its  activity,  viz., 
that  of  blood-jnaking. 
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Miscellaneous  Cases  of  Sarcoma, — I  have  endeavoured  to  make 
good  that  point  in  the  cases  above  described.  But  the  indica- 
tions  of  the  hsematoblastic  function  in  connective-tissue  new 
growths  are  much  more  widely  scattered,  and  may,  indeed,  be 
detected  in  many  of  the  sarcomatous  tumours  that  come  imder 
notice  from  day  to  day.  Of  such  cases,  I  shall  mention,  in  the 
briefest  way,  three  lately  examined  by  myself.  One  was  a 
tumour  of  the  interior  of  the  cerebral  hemispheres,  which  was 
gelatinous,  diffluent,  and  streaked  with  patches  of  black  blood. 
A  piece  of  the  firmer  part  of  the  growth  was  hardened  with 
some  difficulty,  and  it  showed  the  structure  to  be  that  of  the 
round-celled  sarcoma  proper  to  this  region,  or  the  glioma  of 
Yirchow.  The  portion  examined  did  not  include  any  of  the 
luemorrhagic  areas,  but  the  round  cells  showed  here  and  there 
the  characteristic  appearances  of  hsBmatoblasts,  and  there  were 
present  everjrwhere  the  evidences  of  extensive  local  formation  of 
the  blood.  Another  case  was  a  definitely  bounded  oval  growth 
from  aponeurosis  or  periosteum  over  the  back  of  the  scapula  in  a 
man  aged  70.  The  cut  surface  showed  certain  occasional  lines 
or  str^s  of  reddish-brown  colour,  but  the  tumour  was  to  the 
naked  eye  everywhere  firm ;  it  was  divided  into  lobules  by  thin 
septa  of  connective  tissue.  It  proved  to  be  a  round-celled 
sarcoma  of,  on  the  whole,  very  compact  structure,  but  traversed 
in  some  regions  by  narrow  lacunar  spaces  which  contained  red 
blood-corpuscles.  The  blood  seemed  to  have  been  formed  within 
the  spaces  in  which  it  lay,  and  there  were  here  and  there  seen 
enlarged  cells  of  the  tumour,  near  the  margin  of  such  spaces, 
which  were  filled  with  yellow  pigment  granules.  The  third  case 
was  a  very  extensive  and  deeply  lobulated  tumour  in  the  upper 
and  outer  part  of  the  thigh  of  a  boy,  attached  to  the  fascia  lata 
and  muscular  aponeuroses,  and  extending  deeply  into  the  space 
between  the  tensor  fascia  and  the  vastus  extemus.  It  was 
removed  by  operation.  The  structure  was  that  of  a  spindle- 
celled  sarcoma ;  and  although  the  cut  surface  appeared  to  the 
naked  eye  to  be  quite  uniform  and  compact,  subdivided  only 
into  lobules  of  unequal  size,  yet  the  microscopic  sections  showed 
it  to  be  traversed  everywhere  with  lacunar  spaces,  mostly  narrow 
and  elongated,  but  sometimes  round.  These  spaces  were  lined 
with  a  row  of  cells  like  the  more  flattened  kind  of  columnar 
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epithelium ;  the  cells  \vere  mere  surface  modifications  of  the  pre- 
vailiug  embryonic  spindle-cells.  The  lacunar  spaces  sometimes 
contained  blood-corpuscles,  and  I  have  observed  here  and  there 
the  epithelial-like  ceUs  of  the  surface  enlarged  to  the  size  and 
form  of  a  haematoblast,  as  already  described,  and  to  still  larger 
vesicles,  and  evidently  about  to  break  up  either  intx>  a  mucous 
fluid  or  into  some  other  product.  The  blood  that  lay  in  these 
spaces  was,  no  doubt,  produced  within  them.  Both  this  spindle- 
celled  tumour  and  the  round-celled  tumour  preceding  it  may 
be  loosely  compared  to  extensive  collections  of  embryonic  meso- 
blast,  in  which  blood-islands  or  blood-spaces  are  formed  from 
the  transformation  of  some  of  their  cells.  The  remarkable 
appearances  of  lacunar  spaces  filled  with  blood,  in  the  substance 
of  these  tumours,  and  especially  throughout  the  whole  substance 
of  the  spindle-celled  tumour,  reminds  one  of  nothing  so  much 
as  the  illustrations  of  the  area  vasmdom  in  embryological  text- 
books. 

Mdanosis  of  Spindle-Celled  Sarcoma. — ^Those  three  cases 
happen  to  be  the  last  cases  of  sarcoma  that  I  have  preserved  and 
examined,  and,  curiously  enough,  they  all  show  reliable  evidences 
of  that  mesoblastic  blood-forming  function  which  the  series  of 
cystic  cases  exemplified  more  perfectly.  The  melanosis  of  some 
spindle-celled  sarcomas  (not  including  those  of  the  choroid)  is  a 
suggestion  of  the  same  sort.  In  the  early  stage  of  the  mucous 
sarcomas  described  in  Section  II.,  there  are  perfect  examples,  as 
regards  shape,  of  the  large  spindle-cells  which  are  usually  found 
in  the  melanotic  tumours  of  the  subcutaneous  tissue  (growing 
perhaps  from  the  scar  of  an  old  chronic  ulcer),  and  small 
groups  of  them  here  and  there  have  their  substance  filled  with 
bright  yellow  pigment  grains.  There  is  a  point  of  time  in  the 
development  of  the  mucous  sarcomas  of  Section  II.,  at  which 
their  cells  might  have  followed  the  ordinary  destiny  of  ha&mato- 
blasts,  as  in  the  sero-sanguineous  cyst;  and  it  may  be  said  also, 
that  there  is  an  earlier  point  of  time  in  their  history  at  which 
they  might  all  have  become  laige  spindle-cells  filled  with  pig- 
ment, as  in  a  melanotic  spindle-celled  sarcoma. 

Fungtfs  ffcematodes  and  other  Internal  Sarcomas  of  Bone. — In 
still  another  large  class  of  sarcomatous  tumours,  those  taking 
origin  within  the  medullary  canal  of  bones,  it  may  be  con- 
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fidently  expected  that  evidences  of  a  hfiBmatoblastic  activity  will 
be  found  in  the  embryonic  cells  developing  to  fonn  the  tumonr. 
Those  internal  tumours  of  bone,  as  distinguished  from  the  ex- 
ternal or  periosteal,  correspond  for  the  most  part  to  the  great 
class  oi  fungus  hcematodea,  or  encephaloid,  or  myeloid.  They  are 
often  cystic,  containing  either  blood  or  colloid  substance  in  their 
cystic  spaces.  There  is  every  reason  to  expect  that  both  the 
blood  and  the  colloid  fluids  are  referable  in  the  last  resort  to  the 
deeply-rooted  hsBmatoblastic  tendency  of  the  mesoblast,  or  of 
the  embryonic  connective-tissue  cells.  The  internal  sarcomas  of 
bone  are  in  some  way  related  in  their  origin  to  the  marrow  of 
bone,  and  the  marrow  of  bone  is  a  mesoblastic  tissue  that  retains 
its  embryonic  characters  and  its  blood-forming  function  to  a 
comparatively  late  period  of  extra-uterine  life,  and,  moreover, 
exhibits  in  after  life  a  readiness  to  return  to  its  early  function, 
under  conditions  such  as  those  of  pernicious  ansemia. 

VI.  Disordered  Function  as  a  Cause  of  Tumours. 

y  Professor  Cohnheim  has  devoted  the  chapter  on  tumours  in 

his  Lectures  on  General  Pathology  to  a  brilliant  exposition  of  a 
doctrine  of  tumour  formation  which  may  be  said  to  be  his  own. 
With  a  wealth  of  illustration  seldom  surpassed,  he  maintains  the 
proposition  that  the  tumours  of  the  body  are  due  to  the  awakened 
growth  of  embryonic  rudiments  that  have  remained  over  from 
the  earliest  periods  of  development^  and  have  lain  long  latent  in 
.  the  midst  of  the  mature  tissues.  Many  of  us  die,  he  observes, 
with  such  rudiments  in  our  bodies,  which  have,  f orttmately,  never 
grown  to  be  tumours.  He  prefers  the  hypothesis  that  portions 
of  embryonic  tissue  are  actually  present,  scattered  throughout 
thebody^to  the  alternative  hypothesis  that  the  tissues  of  the 
body  may  revert,  on  occasion,  from  their  adult  condition  to 
their  embryonic  condition.^  By  way  of  filling  in  the  details  of 
this  hypotioiesis,  he  supposes  that  more  embryonic  tissue  has 
been  furnished  for  the  particular  part  or  organ  than  has  actually 
been  used  up ;  ^  that  the  unused  surplus  has  remained  in  its 
embryonic  state  embedded  in  tissues  no  longer  embryonic ;  and 

^  VorlegwngenHjber  Allgemeime  Pathologie,  Berlin,  1877,  p.  649. 
•  Ilnd.  p.  685. 
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that  such  remnants,  when  they  are  stimulated  to  grow,  naturally 
form  tumours  in  the  respective  localities  or  organs  to  which 
they  belong.  The  tumours  of  the  body  may  thus  in  a  sense  be 
regarded  as  a  subdivision  of  rrumstra  per  excessum,  although  the 
latter,  properly  so-called,  differ  in  being  commonly  congenitaL^ 

The  objection  that  will  be  taken  most  widely  to  this  hypothesis 
is  that  it  is  too  exclusive.  Whoever  has  at  any  time  sought 
to  attribute  the  origin  of  a  tumour  or  tumours  to  a  cause  other 
than  the  proliferation  of  embryonic  rudiments  of  tissue,  will 
naturally  feel  that  the  hypothesis  of  Gohnheim  is  too  wide.  So 
comprehensive  a  hypothesis  must  needs  swallow  up  many  inde- 
pendent fragments  of  theory,  as  the  rod  of  Aaron  swallowed  up 
the  rods  of  lesser  soothsayers. 

There  is  one  great  class  of  tumours  for  which  the  embryonic 
hypothesis  is  superfluous.  It  is  not  necessary  to  call  in  the  aid 
of  surviving  embryonic  rudiments  to  explain  the  tumours  of 
secreting  structures.  A  cause  less  remote,  and  residing,  in  fact, 
in  the  every-day  activity  of  such  organs  and  parts,  may  be  found 
for  the  tumour  diseases  to  which  they  are  liable.  In  treating  of 
the  physiology  and  pathology  of  one  secreting  organ,  the  breast,  v  I 
I  have  endeavoured  to  explain  its  tumours  as  arising  from  dis- 
ordered function,^  and  that  explanation  does  not  stand  as  a 
hypothesis,  but  as  an  induction.  The  rationale  that  is  applicable 
to  tumours  of  the  breaat  may  be  applied  also  to  the  tumours  of 
other  secreting  structures,  and  notably  to  those  of  the  stomach ; 
and  if  the  element  of  disordered  function  is  not  so  clearly  trace- 
able in  the  tumour  disorders  of  other  epithelial  parts  and  of  the 
skin,  that  may  be  attributed  to  the  circumstance  that  a  function, 
in  the  strict  sense  of  the  term,  cannot  be  asserted  for  them,^  and 
that,  in  consequence,  their  normal  activity  does  not  afford  a 
working  physiological  paradigm  for  their  morbid  products,  such 
as  one  may  construct  for  the  epithelial  secreting  structures. 

If,  then,  the  hypothesis  of  embryonic  tissue  rudiments  be  super- 
fluous for  the  great  class  of  tumours  in  secreting  structures  and 
other  epithelial  parts,  it  loses  the  unity  or  universality  by  which 

*  Vorluungen  Uher  AUgemeine  Pathologie,  Berlin,  1877,  p.  650. 

*  ContrCbiUions  to  the  Physiology  and  Pathology  of  ^  £rea«^,  London,  1878. 
See  also  a  paper  on  "  Scirrhus  of  the  Breast"  at  p.  29  of  this  Tolume. 

'  Yirchow,  Cellular  Patholo^  chap.  iii. 
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it  stands  or  falls.  It  would  probably  be  a  mistake  to  formally 
claim  for  the  principle  of  disordered  function  in  tumour  forma- 
tion that  unity  or  universality  which  the  principle  of  embryonic 
tissue-rudiments  appears  to  fall  short  of.  But  it  may  be  not 
without  instruction  to  try  how  far  the  principle  of  disordered 
function  will  go  in  accounting  for  the  origin  of  tumours  in 
I  general    To  that  end  it  wUl  be  desirable  to  give  to  the  word 

j  "function"  as  wide  a  significance  as  possible.    For  secreting 

j  structures  like  the  breast,  the  function  is  the  activity  of  the  organ 

— ^periodical  in  this  particular  case — throughout  the  mature  life 
of  the  individual,  and  for  epithelial  parts  like  the  oesophagus  or 
rectum,  the  function  is  the  analogous,  but  less  easily  estimated^ 
activity  of  the  epithelial  cells.  But  what  are  the  functions  of  the 
*     ^  great  series  of  connective  tissues  ?    It  is  here  that  an  interpre- 

tation of  the  word  function,  wider  than  the  conventional  inter- 
pretation of  it,  becomes  necessary. 

In  a  former  paper  on  "A  Pathological  Function  of  Periosteum,"  ^ 
I  observed :  "  But  there  is  one  variety  of  the  connective  tissue 
that  may  be  said  to  be  endowed  with  a  function,"  viz.,  the  peri- 
osteum with  its  bone-forming  function ;  and  I  endeavoured  to 
^        show  in  the  course  of  the  paper  that  a  sarcomatous  tumour  of 
the  metatarsus  in  a  rickety  subject  had  owed  its  origin  to  a 
disorder  of  the  osteoblastic  function  of  the  periosteum  round  the 
fifth  metatarsal  bone.    The  disorder  was  further  traced  in  detail 
to  the  well-proved  rachitic  disposition  of  the  patient,  a  girl, 
aged  18. 
While  the  function  of  a  secreting  organ  is  its  productive 
^  activity  throughout  life,  the  osteoblastic  function  of  periosteum 

is  proper  only  to  the  growing  period.  As  regards  a  secreting 
organ,  the  contention  ia  that  a  tumour  may  result  if  the  function 
fails  or  errs  in  any  way  in  the  course  of  its  ordinary  activity. 
(In  the  case  of  the  breast,  as  I  have  elsewhere  emphasised,  it 
is  the  obsolescence  of  the  organ,  and  of  its  function,  at  the  climac- 
teric period  that  is  the  most  frequent  occasion  of  the  tumour- 
formation  in  women.)  As  regards  the  periosteimi,  a  tumour 
involving  its  osteoblastic  function  may  occur  in  the  ordinary 
course  of  that  function  during  the  growing  period,  or  the  tumour 
may  occur  after  the  growing  period  is  over,  and,  in  fact,  froni  the 

^  This  J<mmalf  vol  xiiL  April  1878. 
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rt-awakening  of  a  past  fwiadvm.  Still  more  is  the  re-awakening 
of  a  past  function  to  be  called  in  if  the  principle  oifwMiio  Icssa 
is  to  be  extended  to  other  varieties  of  the  connective  tissue.  By 
going  back  beyond  the  growing  period,  and  to  the  time  of  em- 
bryonic development,  we  may  discover  still  other  functions  of  the 
connective  tis£fue,  or  other  fimctions  of  the  mesoblast.  The  peri- 
osteal variety  of  connective  tissue  (embryonic  in  character)  car- 
ries its  osteoblastic  function  into  the  growing  period  and  then 
drops  it,  but  there  are  functions  of  the  connective  tissue  which 
cease  within  the  embryonic  period  itself.  The  earliest  and 
greatest  of  these,  as  I  have  before  remarked,  is  the  blood-forming 
function  of  the  mesoblast ;  and  it  is  with  the  re-awakening  of 
that  function  in  post-embryonic  life  that  I  identify  the  beginnings 
of  the  sarcomatous  tumours  described  in  the  foregoing  paper. 

If  then,  following  the  example  of  Professor  Cohnheim,  we 
attempt  to  apply  as  widely  as  possible  the  particular  principle — 
viz.,  that  of  functio  Imsa — ^to  tumour-formation,  we  will  con- 
clude that  one  great  class  of  tumours,  those  of  secreting  struc- 
tures and  other  epithelial  parts,  are  perversions  of  the  function 
in  the  ordinary  course  of  its  activity,  and  that  another  great 
class  of  tumours,  those  that  form  in  the  connective  tissues,  are 
perversions  of  function,  with  the  difference  or  the  addition  that 
the  function  has  been  re-awakened  after  its  normal  period  of 
activity  is  long  past. 

For  connective-tissue  tumours,  it  is  obvious  that  the  embryonic 
activity  of  the  tissue  must  be  admitted  into  any  and  every  hypo- 
thesis of  their  origin*  The  hypothesis  of  Cohnheim  asserts  the 
actual  survival  of  portions  of  embryonic  tissue  among  the  mature 
tissues,  and  it  rejects  the  alternative  view  that  the  survival  is  not 
of  actual  embiyonic  tissue,  but  of  the  tendency  in  the  mature  con- 
nective tissues  to  revert,  on  occasion,  to  their  embryonic  character. 
The  latter  idea  is  not  imf  amiliar  to  pathologists, — Professor  Cohn- 
heim invests  it  with  needless  mystery  by  speaking  of  it  as  the 
"Mauser-und  Verjungungs-theorie  von  Schultz-Schultzenstein 
und  Strieker," — ^and  it  is  preferable  to  the  notion  of  persisting 
actual  germs  of  embryonic  tissue,  in  so  far  as  it  is  supported  by 
a  good  deal  of  observation,  while  the  other  is  mainly  unsup- 
ported. Now,  the  reversion  of  connective-tissue  cells  to  their 
embryonic  characters  is,  in  a  sense,  a  re-awakening  of  their  past 
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function.  In  the  cases  which  I  have  described  in  this  paper 
the  return  to  the  embryonic  state  is  bound  up  with  a  more  or 
less  obvious  manifestation  of  function,  viz.,  the  blood-forming 
function.  The  re-awakened  function  may  adhere  closely  to  the 
physiological  track,  as  in  the  case  of  sero-sanguineous  cyst  of 
Section  I.,  or  it  may  depart  from  that  track,  as  especially  in  the 
cases  of  Sarcoma  myxomaiodes  of  Section  II. 

How  wide  the  interpretation  of  the  word  "  function"  requires 
to  be,  becomes  apparent  when  we  speak  of  the  functions  of  the 
mesoblast.  Blood  and  bone  are  definite  products  of  its  func- 
tional activity :  hsematoblasts  and  osteoblasts  are  as  distinctly 
the  functional  condition  of  mesoblastic  cells  as  if  they  had  been 
the  productive  cells  of  a  secreting  organ ;  and  it  is  to  the  blood- 
forming  and  bone-forming  activity  of  the  embryonic  connective 
tissue  that  the  cases  in  this  paper,  and  the  case  in  a  former  paper, 
relate.  But,  after  blood  and  bone,  the  actual  functional  products 
of  the  mesoblast  become  more  subtle  or  more  difficult  to  estimate. 
The  whole  process  of  development  is,  in  a  sense,  a  function  of  em- 
bryonic cells.  I  have  endeavoured  to  show,  in  treating  of  "  the 
development  of  the  mammary  function,"  that  the  mature  func- 
tion of  the  breast  is,  in  effect,  a  sustained  repetition  of  those 
cellidar  changes  which  the  embryonic  cells  went  through  in 
order  to  become  the  breast  {op.  dt.  chap,  v.)  Even  in  develop- 
ment we  cannot  separate  the  ideas  of  formative  and  of  functional 
activity.  They  are  the  correlated  aspects  of  the  cell-life  of  the 
body.  The  hypothesis  of  tumours  growing  from  embryonic 
tissue-rudiments  is  a  mere  proliferation  hypothesis,  a  facile 
resort  to  the  commonplace  idea  of  cell-division ;  but  the  hypo- 
thesis of  a  reversion  of  connective-tissue  cells  to  their  embryonic 
character  is  a  hypothesis  that  takes  due  jujcount  of  embryonic 
function.  The  new  growth  starts,  not  from  a  material  quantity 
of  embryonic  tissue,  but  from  a  force  that  produces  embryonic 
tissue  out  of  the  ordinary  cells  of  the  body.  It  is  a  return  to 
the  original  spontaneity  of  the  ovum  and  of  the  embryonic 
tissues,  and  a  re-awakening  of  a  past  function,  in  the  widest 
sense  of  the  term. 
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EXPLANATION  OF  PLATES  XIIL-XV. 

Plate  XIIL 

Fig.  I,  Structure  in  the  deeper  parts  of  the  wall  of  sero-sanguineous 
cyst :  large  polygonal  cells  grouped  round  vessels  of  capillary  structure, 
llie  cells  have  the  colour  of  haemoglobin  (  x  about  400). 

Fig.  2.  From  the  wall  of  sero-sanguineous  cyst :  origin  of  hsemato- 
blasts  from  embryonic  connective-tissue  cells;  breaking-up  of  the 
heematoblasts  into  red  blood-corpuscles  (see  text)  (  x  350). 

Fig.  3.  Inner  surface  of  sero-sanguineous  cyst ;  parallel  vessels  of 
capillary  structure  running  to  the  surface,  and  there  forming  loops,  as 
in  granulation  tissue ;  perivascular  grouping  of  the  hsematoblastic  cells 
( X  150). 

Plate  XIV. 

Fig.  4  From  lymphatic  gland  adhering  to  under  surface  of  sero- 
sanguineous  cyst;  a,  follicle;  by  lymph-sinus  filled  with  red  blood- 
corpuscles  ;  c,  trabecula  ( x  350). 

Fig.  5.  HsBmatoblasts  from  the  surface  of  sero-sanguineous  cyst : 
in  one  of  the  lower  rows  are  several  entire  hsematoblasts ;  most  of  the 
other  cells  are  in  process  of  detaching  their  protoplasm  in  the  form  of 
red  blood-discs  with  extensive  division  of  their  nuclei  and  dispersion 
of  the  nuclear  fragments  ( x  about  700). 

Fig.  6.  Group  of  cells  from  granulation-like  tissue  forming  wall 
of  cyst  (see  Section  III.) ;  in  the  upper  row,  cells  with  one  nucleus,        ^ 
resembling  hsematoblasts;   cells  with  four  nuclei,  and  a  giant-cell 
with  a  circlet  of  nuclei;  under  the    latter,   a  giant-cell  with  its 
granular  central  protoplasm  fallen  out  (  x  about  700). 

Plate  XV. 

Fig.  7.  Structure  of  Sarcoma  myxomatodes  (the  cystic  case  of 
Section  II.)  ( x  360). 

Fig.  8.  Initial  stage  of  Sarcoma  myxomatodes:  embryonic 
connective-tissue  cells  (spindle-shaped)  becoming  spherical;  their 
protoplasm  in  the  earlier  stage  being  watery  and  hssmoglobin-tinted, 
and  in  the  ultimate  stage  of  tumour-ceUs,  being  granular  and  capable 
of  deep  logwood-staining.  A  few  cells  with  nucleus  much  divided,  as 
in  the  hsematoblastic  process  ( x  350). 

Fig.  9.  Structure  of  cyst-wall  in  case  described  in  Section  III. ; 
granulation-like  tissue ;  wide  parallel  vessels ;  perivascular  cells.  In 
the  lighter  spaces  occur  such  cells  as  are  drawn  in  fig.  6  under  higher 
power ;  some  giant-cells  among  them  ( x  350). 
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ON  A  PECULIAK  FORM  OF  LIVER  TUMOUR  By  Julius 
Dreschfeld,  M.D.,  M.RC.P.,  Lecturer  on  Pathology  at  the 
Owens  College^  Manchester.    (Plate  XVI.) 

The  patient,  a  man  aet.  53,  from  whom  the  liver  tumours  which 
form  the  subject  of  the  following  brief  description  were  derived, 
was  an  in-patient  of  the  Manchester  Infirmary,  and  suffered 
during  life  from  all  the  symptoms  of  cancer  of  the  liver.  (The 
chief  symptoms  being :  jaundice,  which  came  on  gradually  with- 
out any  great  pain;  tiie  presence  of  an  enlarged,  hard,  and  nodu- 
lated liver ;  rapid  emaciation;  and,  towards  the  termination  of  the 
disease,  oedema  and  ascites.) 

The  post-mortem  examination  was  made  by  my  colleague,  Dr 
James  Ross,  at  that  time  pathologist  to  the  Infirmary;  and  there 
were  found  no  noteworthy  changes  in  any  organ  but  the  liver. 
This  was  found  to  be  very  much  enlarged,  especially  in  its  right 
lobe,  and  the  seat  of  numerous  small  round  tumours,  varjdng  in  size 
from  2  to  6  centimeters  in  diameter.  These  tumours  were  f oirnd 
to  occupy  chiefly  the  right  lobe,  where  they  formed  raised  rounded 
masses,  both  on  the  upper  and  lower  surface,  while  others  were 
found  scattered  in  the  interior  of  the  liver.  In  their  outward 
appearance  they  differed  from  ordinary  liver  cancer,  inasmuch 
as  they  were  firmer  on  section,  of  greyish-yellow  colour,  and 
without  central  depressions.  From  the  surrounding  liver  tissue 
they  were  separated  by  a  distinct  fibrous  capsule. 

The  liver  itself  was  of  pale-yellowish  appearance,  firm,  and 
moderately  rich  in  blood ;  on  section,  the  inter-lobular  fibrous 
tissue  was  seen  to  be  very  much  increased.  The  walls  of  the 
bile-ducts,  which  were  distended  with  bile,  were  thickened,  and 
the  larger  blood-vessels  slightly  dilated. 

The  gall-bladder  was  found  filled  with  mucus,  the  cystic  duct 
very  much  compressed  by  a  large  tumour  nodule  projecting  from 
the  lower  surface  of  the  liver.  There  were  found  also  adhesions 
on  the  under  surface  of  the  liver,  the  result  of  recent  peri- 
hepatitis. 

The  mucous  membrane  of  the  stomach  was  softened,  and  the 
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seat  of  numerous  ecchymoses;  ecchymotic  spots  were  also  found 
beneath  the  serous  surface  of  the  intestines  and  mesentery. 

The  pancreas  was  healthy ;  no  cicatrix  was  visible  in  either 
stomach  or  intestines. 

The  thyroid  gland  was  not  enlarged.  (This  is  especially  men- 
tioned, as  the  tumours,  on  superficial  histological  examination, 
resemble  the  metastatic  glandular  tumours  of  the  thyroid  de- 
scribed by  Cohnheim.) 

The  histological  examination  of  some  of  the  tumour  masses 
revealed  an  appearance  different  from  that  of  any  liver  tumour 
hitherto  described. 

Sections  of  a  tumour  nodule,  hardened  in  chromic  acid,  were 
first  examined  with  a  low  power  (fig.  1);  the  greater  portion  of  the 
tumour  (D,  fig.  1),  with  the  exception  of  the  peripheric  part,  con- 
sisted of  a  fibro-cellular  stroma,  with  numerous  alveolar  spaces  of 
varying  size  and  shape  (c,  d,  e,  fig.  1),  some  oval,  some  hour-glass- 
shaped,  and  some  more  nearly  circular,  while  an  alteration  of  the 
focus  showed  that  several  of  the  alveolar  spaces  communicated  by 
narrow  connecting  links.  Most  of  these  alveoli  were  bounded  by 
one  or  more  rows  of  cells,  while  their  contents,  which  had  a  very 
striking  appearance,  varied  very  much.  In  some  the  contents  had 
quite  a  hyaline  appearance,  and  seemed  to  be  a  uniform  mass ; 
in  others  the  hyaline  appearance  was  still  marked,  but  the  mass 
resembled  more  a  mass  of  fused  and  degenerated  cells,  while  in 
others,  again,  large  cells,  with  well-developed  nuclei,  filled  the 
interior.  In  many  the  contents  had  fallen  out,  and  the  lining 
cell-layer  alone  remained  {d,  fig.  1);  in  all,  however,  a  clear  zone 
of  varying  thickness  separated  the  fused  mass  from  the  h'ning 
layer  («,  fig.  1). 

The  peripheric  part  of  the  nodule  nearest  the  part  just 
described  (c,  fig.  1),  though  of  more  uniform  appearance,  showed 
smaller  isolated  patches  of  rows  of  cells,  at  once  recognisable  by 
the  deeper  staining  and  the  larger  size  from  the  surrounding  parts. 

The  outermost  part  of  the  nodule  had  a  coarse  fibrous  appear- 
ance (B,  fig.  1),  the  fibres  being  arranged  concentrically,  and 
passing  gradually  into  the  surrounding  liver  tissue  (A,  fig.  1), 
the  changes  of  which  could  be  more  clearly  made  out  on  exami- 
nation with  a  higher  power. 

The  more  minute  examination  of  the  several  parts  of  the 
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nodule  and  liver  with  a  high  power,  and  with  different  staining 
agents  (picro-carmine,  logwood,  Bismarck  brown)  showed  the 
following  points : — 

CerUral  Part  of  Tumour. — ^The  stroma  (e,  fig.  2)  consisted  of 
fine  fibres  and  a  number  of  cellular  elements  (some  identical 
with  tissue  corpuscles,  having  a  long  oval  nucleus,  others  like 
leucocytes,  others  smaller  and  round),  a  number  of  nuclear 
bodies,  and  a  few  capillaries.  In  some  places  the  stroma  was 
very  narrow^  and  formed  only  a  thin  wall  between  the  epithelial 
lining  of  two  adjacent  alveoli;  in  others  it  was  broader  and 
richer  in  cells. 

The  alveoli  consisted  in  most  parts,  as  already  stated,  of  a 
lining  membrane  and  contents.  The  lining  membrane,  or  rather 
layer,  consisted  of  one  or  more  rows  of  cells,  which  were  closely 
united,  and  which  varied  in  appearance,  some  being  small  and 
cubical,  with  a  well-defined  central  nucleus;  others  larger, 
round,  oval,  or  pear-shaped,  with  a  larger,  well-defined  nucleus, 
filled  with  granular  protoplasm.  All  the  cells  were  of  distinct 
epithelial  character ;  some  of  the  larger  ones,  however,  resembled 
liver  cells  (/,  fig.  2),  and  in  some  unstained  preparations  were 
found  to  be  filled  vrith  yellow  (bile)  granules.  The  change  from 
the  smaller  to  the  larger  epithelial  cells  was  in  some  spots  very 
gradual,  and  could  easily  be  made  out  (a,  fig.  2).  It  was  further 
remarked  that  where  the  alveolar  contents  had  undergone  the 
most  marked  degeneration  to  be  immediately  described,  there 
only  one  or  two  rows  of  lining  cells  were  found,  whilst  in  those 
places  where  this  degeneration  was  less  marked,  the  boundary 
consisted  of  many  rows  of  cells. 

The  alveolar  contents  consisted  in  many  places  of  a  hyaline 
material,  which  at  first  looked  like  an  exudation,  but  which,  on 
closer  examination,  was  seen  to  be  a  fused  mass  of  degenerated 
cells,  larger  than  those  forming  the  boundary,  and  with  their 
nuclei  still  visible  on  staining  (g,  fig.  2).  This  fused  mass  did 
not  give  the  amyloid  reaction,  nor  did  it  clear  on' the  addition  of 
acetic  acid  or  caustic  potash  solution,  microscopically  it  resembled 
very  much  the  vitreous  changes  seen  in  the  giant-cells  in  old 
fibrous  tubercles. 

Peripheric  Part. — ^The  composition  of  this  part  varied  in  dif- 
ferent spots.   The  more  centrally  situated  parts  had  the  structure 
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and  appearance  of  true  carcinoma,  to  wit.  irregularly  bounded 
alveolar  spsu^es  filled  with  epithelial  elements  (the  ceUs  varying 
in  size  from  9-12  /Lt,  and  possessing  a  large  nucleus),  and  sepa- 
rated by  a  stroma  consisting  of  fine  fibres  and  small  round  and 
spindle  cells.  The  parts  nearest  this  periphery,  on  the  other 
hand,  showed  a  more  uniform  structure,  and  consisted  of  small 
cells  and  spindle  cells.  In  several  spots  of  the  peripheric  part 
(6,  fig.  1),  islets  of  cells  were  seen,  which  had  quite  the  character 
of  liver-cells,  with  granular  contents,  and  large  highly  stained 
nuclei  and  double  nuclei.  The  appearance  of  these  islets  of 
Uver-cells  differed  most  markedly  from  that  of  masses  of  de- 
generated liver-cells  found  outside  the  capsule  which  separated 
the  tumour  from  the  liver.  There  the  rows  of  liver-cells  formed 
flattened  bands,  with  a  more  uniform  protoplasm,  and  almost 
invisible  nucleus,  the  bands  tapering  off  at  each  end,  and  being 
surrounded  and  compressed  by  fibrous  tissue.  The  islets  of 
liver-like  cells  in  the  periphery  [of  the  tumour,  on  the  other 
hand,  with  their  large  well  stained  nuclei  and  double  nuclei,  re- 
sembled much  more  a  proliferatiDg  tissue,  and  were  surrounded  by 
the  small  cell  growth  already  mentioned  like  an  embryonic  tissue. 
It  was  further  remarked  that  at  the  periphery  only  of  these  islets 
did  the  liver-cells  possess  two  nuclei ;  other  changes,  however, 
though  often  looked  for,  were  not  observed  in  these  cells,  &c. 

The  outermost  zone  of  the  tumour  consisted  of  a  fibrous 
capsule  (B,  fig.  1),  as  already  stated,  and  this  looked  at  under  a 
high  power  was  found  to  be  made  of  several  layers,  the  inner 
layers  more  cellular  (spindle  cells  chiefly),  the  outer  layers  con- 
sisting of  fully-formed  fibrous  tissue. 

The  liver  substance  immediately  outside  the  capsule  showed  signs 
of  compression  and  degeneration,  and  here  the  flattened  bands 
of  atrophied  liver-cells  already  mentioned  were  principally  found. 

The  liver  stiibstance,  apart  from  the  tumour,  showed  slight  fatty 
infiltration  of  the  peripheric  part  of  the  lobules.  The  inter- 
lobular spaces  were  widened,  and  contained  an  embryonic 
fibrous  tissue,  and  marked  proliferation  of  the  biliary  ducts  {a, 
fig.  1) ;  in  fact,  all  the  changes  seen  in  incipient  cirrhosis  (chiefly 
monolobular. 

The  questions  which  naturally  arise  in  connection  with  this 
tumour  are  two. 
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1.  What  is  the  nature  of  the  tumour  ? 

2.  From  which  elements  is  it  developed  ? 
As  regards  the  first  of  these  questions,  we  have  here  evidently 

a  primary  multiple  tumour  of  the  liver  (a  most  careful  search 
revealed  in  no  other  organ  a  tumour  or  its  remains,  such  as  a 
cicatrix),  which  in  its  clinical  features  resembled  cancer,  and 
which  in  its  histological  structure  also  is  more  nearly  allied  to  a 
carcinoma  than  to  any  other  tumour  form. 

At  a  first  glance,  owing  to  the  striking  appearance  of  the 
alveolar  lining  of  the  epithelium,  one  might  think  of  a  lymph- 
angioma. The  facts,  however,  that  the  lining  zone  in  many  places 
consists  of  several  and  not  of  one  row  of  cells,  and  that  the 
contents  of  the  alveoli  are  degenerated  epithelial  cells,  and 
furthermore,  the  appearance  of  the  peripheric  part  which 
evidently  represents  the  younger  and  still  growing  part  of  the 
tumour,  entirely  shut  out  such  a  view. 

Again,  the  patches  of  liver-cells  in  a  state  of  proliferation  in 
the  outer  part  of  the  tumour  suggest  the  idea  of  an  adenoma 
of  the  liver,  and  the  close  relation  between  an  adenoma  and  a 
j»  carcinoma  at  first  strengthens  that  theory ;  against  it,  however, 
may  be  cited  several  facts,  the  mention  of  two  of  which  will 
suffice.  1st,  The  arrangement  of  the  liver-cells  in  the  tumour 
is  different  from  that  in  a  liver  adenoma,  where,  as  in  all 
adenomata,  the  cells  preserve  to  a  great  extent  the  arrangement 
which  they  have  in  the  liver ;  and  2d,  The  character  of  the 
cells  in  the  central  part  of  the  tumour,  where  the  majority 
have  a  distinctly  epithelial  character. 

To  cancer  of  the  liver,  on  the  other  hand,  the  tumour  bears, 
histologically,  the  closest  resemblance,  and  it  is  as  a  variety  of 
cancer,  in  which  some  of  the  alveolar  contents  have  undergone  a 
peculiar  vitreous  degeneration,  that  it  must  be  considered.  Fried- 
lander  (Virchow's  Arehiv,  1877)  describes  a  peculiar  hyaline  de- 
generation of  the  peripheric  alveolar  zone  in  some  cancers,  but  I 
am  not  aware  a  degeneration  of  the  central  alveolar  parts,  similar 
to  the  one  seen  in  this  Uver-tumour,  has  ever  been  described.^ 

^  I  haye  recently  had  the  opportnnity  of  showing  some  sections  of  the  tumour 
to  Professor  V.  Recklinghausen,  who  cai-efully  examined  it,  and  told  me  that  only 
once  had  he  seen  a  similar  appearance,  and  that  was  also  in  a  primary  multiple 
tumour  of  the  liver. 
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Except  this  peculiar  degeneration,  and  especially  in  those  parts 
of  the  tumour  where  this  degeneration  had  not  yet  taken  place, 
the  tumour  had  all  the  characteristic  appearances  of  cancer, 
namely,  irregular  alveolar  spaces  filled  with  epithelial  cells,  and 
separated  by  a  more  or  less  fibrous  stroma.  The  close  resem- 
blance of  some  of  the  epithelial  cells  (in  the  central  part  of  the 
tumour)  to  liver-cells  (b,  d,  fig.  2)  rather  strengthens  this  view, 
for  it  is  not  unfrequently  seen  in  cancer  of  the  liver,  and  is 
especially  dwelt  upon  by  Perls  {Path.  Anat.  p.  481). 

As  to  the  nature  of  the  degeneration,  I  can  only  state  that  it 
did  not  give  the  amyloid  reaction ;  it  did  not  resemble  colloid 
degeneration,  but  resembled  more  the  vitreous  changes  seen  in 
ceUs  in  catarrhal  pneumonia  and  phthisis. 

Coming  now  to  the  second  point  of  our  inquiry,  as  to  the 
elements  from  which  the  tumour  developed,  we  may  dismiss 
from  our  inquiry  at  once  the  blood-vessels  and  lymphatics,  as 
neither  in  the  tumour  itself  nor  in  the  liver-substance  of  which 
numerous  sections  were  made,  were  there  any  appearances  which 
could  suggest  such  an  origin.  We  are,  therefore,  limited  to  the 
biliary  vessels  and  the  liver-cells.  The  liver-substance  away  ^ 
from  the  tumour  certainly  showed  excessive  proliferation  of  the 
biliary  ducts ;  such  a  proliferation  is,  however,  easily  understood, 
if  we  consider  that  we  have  marked  increase  of  the  interalveolar 
fibrous  tissue,  and  is,  therefore,  nothing  more  than  the  prolifera- 
tion of  the  biliary  ducts  seen  in  both  monolobular  and  multi- 
lobular cirrhosis.  In  the  tumour  itself  no  biliary  ducts  were 
found,  and  cylinder-cells  were  nowhere  present  In  the  central 
part  of  the  tumour  we  see,  it  is  true,  many  cubical  epithelial 
cells  in  the  lining  of  the  alveolar  epithelium,  but  these  are  not 
seen  near  the  periphery  of  the  tumour,  which  represents  the 
growing  part,  and  where  alone  the  development  of  the  tumour 
could  be  studied  with  advantage  and  with  any  chance  of  success. 
It  is,  in  fact,  the  study  of  this  outer  zone  which  leads  one  to 
think  that  the  liver-cells  formed  the  starting-point  from  which 
the  cancer  nodules  developed.  We  see  here  islets  of  liver-cells 
which,  from  the  appearance  already  described,  are  in  an  active 
state,  and  are  not  masses  of  degenerated  Uver-cells  pushed 
aside  and  compressed  by  the  tumour;  we  see  also  here  an 
embryonic  tissue  immediately  surrounding  these  liver-cells,  and 
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though  no  direct  passage  of  the  liver-cells  into  these  could  be 
made  out,  in  many  places  it  was  seen  that  those  liver-cells 
nearest  the  embryonic  mass  were  doubly  nucleated ;  and,  lastly, 
we  have  both  in  the  peripheric  zone  and  also  in  the  central 
zone,  where  fully-formed  cancer  alveoli  are  noticed,  the  epi- 
thelial cells  of  these  alveoli  greatly  resembling  liver-cells — 
a  condition  which  is  also  described  by  Perls  (Yircliow's  Archiv, 
vol.  Ivl  p.  448)  in  liver-cancers,  the  origin  of  which  he  traced  to 
the  liver-cells.  The  presence  of  the  fibrous  capsule  which 
separates  the  cancer-nodule  &om  the  surrounding  liver  tissue  is 
by  no  means  against  this  view  of  the  development  of  the  tumour 
and  admits  of  the  following  explanation : — The  irritation  set  up 
by  the  first  start  in  the  cancerous  growth  would  be  associated 
with  an  increase  of  the  interlobular  fibrous  tissue ;  one  or  more 
lobules  of  the  liver  would  thus  become  isolated  from  the  rest  of 
the  liver  tissue,  and  in  those  isolated  nodules  the  cancer  would 
develop  further.  In  support  of  this  view  I  may  refer  to  the 
observations  of  Perls  Qoc,  cU.  p.  452)  and  those  of  Fetzer 
{BefUrage  isv/r  Histologie  des  Leber-KrebseSy  Tubingen,  1868),  where 
in  several  cases  of  cancer  of  the  liver,  the  origin  of  which  was 
traced  to  the  liver-cells,  similar  fibrous  capsules  surrounding  the 
tumour-nodules  are  described.  If  we  further  assume  that  the 
incipient  cirrhosis  found  in  this  Uver  is  not  due  to  the  biliary 
obstruction,  but  was  antecedent  to  the  formation  of  the  cancer 
(and  I  have  only  found  the  monolobular  cirrhosis  of  Charcot 
and  Gombault  in  cases  of  long-standing  biUary  obstruction),  the 
explanation  given  above  is  still  more  feasible. 

The  examination  of  a  number  of  cancers  of  the  liver,  which  I 
have  lately  had  an  opportunity  of  making,  has  shown  me  that 
their  development  from  liver-cells  is  by  no  means  common,  and 
I  hope  shortly  to  recur  to  this  subject.  I  have  here  merely 
wished  to  record  the  existence  of  this  peculiar  tumour  and  its 
development,  and  have  for  this  reason  avoided  all  biblio- 
graphical references. 
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Explanation  of  Plate  XYL 

Fig.  1  (low  power). — Aj  liver-tiBsue ;  B,  fibrous  capsule  of  tumour; 
(7,  peripheric  part  of  tumour ;  Dy  central  part  of  tumour ;  a,  prolifera- 
tion of  biliary  ducts ;  b,  islets  of  liver-cells  in  tumour ;  c,  alveoli,  with 
lining  epithelial  layer,  and  filled  with  epithelial  cells ;  d^  alveolus,  in 
which  the  contents  have  fallen  out,  while  lining  epithelium  has  re- 
mained ;  6,  clear  space  between  fused  mass  and  lining  layer ;  /,  stroma 
between  the  alveoU. 

Fig.  2  (high  power). — a,  epithelial  lining,  the  ceUs  being  cubical ; 
bf  epithelial  lining  (the  cells  have  more  the  character  of  Hver-cells);  c, 
central  fused  mass  in  alveolus ;  d,  alveoli  where  cells  have  not  under- 
gone degeneration ;  6,  stroma ;  /,  the  epithelial  lining  consists  of  several 
rows,— some  of  the  cells  resemble  liver-ceUs ;  g,  fused  mass,  consisting 
of  degenerated  cells. 
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CASE  OF  CEREBELLAR  TUMOUR  (PSAMMO-SARCOMA). 
By  Julius  Dreschfeld,  M.D.,  M.RC.P.,  Lecturer  on 
Pathology y  Owens  College^  Senior  Assistant  Physician^  Royal 
Infirmary y  Manchester.     (Plate  XVII.) 

John  H.,  set.  21,  first  came  under  my  observation  as  an  out- 
patient in  September  1877.  He  was  stated  to  have  always  had 
good  health  and  to  have  had  no  illness,  excepting  an  attack 
of  fever  seven  years  ago,  which  laid  him  up  for  fourteen 
weeks,  but  from  which  he  quite  recovered ;  had  always  been  of 
temperate  habits,  had  gonorrhoea  but  not  syphilis.  Some 
weeks  before  admission  he  began  to  suffer  from  headache,  which 
became  so  severe  and  persistent  that  he  was  obliged  to  give  up 
his  work  as  a  labourer  a  fortnight  before  admission,  the  head- 
ache (chiefly  occipital)  was  not  accompanied  by  any  other 
symptoms,  troubled  him  mostly  in  the  day,  was  not  increased 
after  meals,  and  not  accompanied  by  either  nausea  or  vomiting, 
and  the  patient  could  not  assign  any  cause  for  it.  Bromide  of 
potassium  was  prescribed,  but  without  any  benefit.  After  the 
patient  had  been  under  treatment  for  a  fortnight,  an  ophthalmo- 
scopic examination  of  the  eyes  showed  marked  optic  neuritis  in 
both  eyes,  though  the  acuteness  of  vision  was  normal.  Beyond 
the  optic  neuritis  and  the  persistent  headache,  no  other 
symptoms  could  at  that  time  be  made  out;  the  presence  of 
the  optic  neuritis,  however,  made  it  already  highly  probable 
that  the  patient  was  suffering  from  a  coarse  cerebral  lesion, 
though  it  was  impossible  to  localise  it.  In  January  1878 
the  patient  complained  for  the  first  time  of  giddiness  and 
occasional  staggering  when  walking  quickly  or  trying  to  turn 
himself  round ;  on  examination,  it  was  found  that  the  patient, 
with  his  eyes  shut,  could  not  stand  or  walk  without  staggering, 
and  when  turning  round  sharply,  he  staggered  a  good  deal 
whether  the  eyes  were  shut  or  open.  The  staggering  increased, 
and  the  man  was  made  a  home-patient,  under  the  charge  of  Mr 
Hunt.  One  morning  (Feb.  25,  1878)  when  trjdng  to  get  up 
from  bed  he  fell  back,  owing  to  the  excessive  vertigo  and  stagger- 
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ing,  and  from  that  day  forward  he  was  never  able  to  walk  with- 
out assistance.  Soon  after  he  was  seized  with  vomiting  (not 
preceded  by  nausea),  and  this  continued  throughout  the  greater 
portion  of  his  illness.  With  the  advent  of  these  graver 
symptoms,  he  at  last  consented  to  be  made  an  in-patient,  and 
was  admitted  into  the  Infirmary  on  March  4,  1878.  The  pro- 
gress of  the  case  will  be  best  seen  from  the  following  brief 
extracts  from  the  notes  taken  by  my  clinical  clerks,  Messrs  A. 
£.  Chambers  and  J.  E.  Milne : — 

Condition  on  admission  (March  4). — Patient  of  middle 
stature;  slightly  emaciated;  of  sallow  complexion;  expression 
of  face  dull;  skin  dry;  extremities,  especially  the  lower,  feel 
cold  to  the  touch. 

Antero-posterior  diameter  of  head  rather  large;  no  nodes, 
ulcers,  or  eruptions. 

Complains  of  severe  occipital  and  frontal  headache ;  no  affec- 
tion of  any  of  the  cerebral  nerves  or  special  sense-organs,  except 
marked  optic  neuritis  in  both  eyes,  with  nearly  normal  vision ; 
no  temiapia. 

Chest  organs  jjormal ;  pulse  slow  and  regular.  \ 

Tongue  cletgr;  appetite  good;  vomiting  of  food  occurs  once  or 
twice  daily ;  marked  constipation ;  abdomen  retracted;  abdominal 
viscera  normal  in  their  relations. 

Urine,  sp.  gr.  1017,  slightly  alkaline,  no  albumen  or  sugar; 
slight  sediment  containing  triple  phosphates. 

Upper  extremities  perfectly  normal  as  regards  mobility, 
sensibility,  and  electric  reactions. 

Lower  extremities. — When  in  recumbent  posture  is  able  to 
perform  all  movements  well,  whether  the  eyes  are  shut  or  open ; 
the  muscular  power  in  both  lower  extremities  very  considerable ; 
there  is  neither  anaesthesia,  nor  analgesia,  nor  affection  of  the 
muscular  sense.  When  sitting  up  in  bed  there  is  no  vertigo. 
When  attempting  to  stand  erect  by  himself  he  falls  forward,  and 
likewise  when  attempting  to  walk;  when  supported  on  each 
side  can  walk,  and  raises  both  feet  well  from  the  ground,  but 
stagers  from  side  to  side.  The  unsteady  gait  still  more  pro- 
nounced with  the  eyes  shut. 

Diagnosis. — Cerebellar  tumour,  affecting  chiefly  the  superior 
vermiform  process. 
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The  symptoms  remained  the  same  till  the  beginning  of  May, 
when  patient  had  an  epileptic  attack,  which  was  followed  by 
many  more  in  the  progress'of  the  disease.  These  attacks,  several 
of  which  were  seen  by  myself  and  Mr  Milne,  were  much  more  of 
tetanic  character  than  ordinary  epileptic  seizures.  With  or  with- 
out loss  of  consciousness,  the  four  extremities  became  suddenly 
powerfully  contracted ;  the  arms  flexed,  the  legs  extended,  and 
the  head  forcibly  drawn  back.  This  state  was  followed  by  slight 
clonic  contractions  of  very  short  duration,  and  to  these  succeeded 
a  state  of  complete  exhaustion  which  lasted  for  several  hours. 

The  condition  of  the  patient  remained  stationary  for  some 
time ;  the  constipation,  however,  became  very  obstinate,  and  only 
yielded  to  the  administration  of  croton  oil  (two  to  three  drops) ; 
the  appetite  began  to  fail,  and  the  patient  became  much  weaker 
and  much  more  emaciated.  .  .  .  During  June  and  July  the 
patient's  condition  grew  worse ;  the  lower  extremities  were  dis- 
tinctly paretic,  and  there  supervened  incontinence  of  urine,  in 
consequence  of  which  the  patient  was  transferred  to  the  Man- 
chester Workhouse,  where  he  remained  under  the  change  of  Mr 
Jackson,  assistant  medical  officer.  The  patient  sank  slowly  but 
gradually ;  he  became  completely  paraplegic ;  the  optic  neuritis 
went  on  to  atrophy,  and  he  became  quite  blind ;  deafness  super- 
vened, and  he  died  on  December  9,  1878,  his  intelligence  re- 
maining intact  up  to  the  very  last 

The  pod-^miyrUm  was  made  by  Mr  Jackson  on  December  10  in 
my  presence.  The  only  noteworthy  changes  were  found  in  the 
brain.  The  bones  of  the  skull  and  the  membranes  of  the  brain  Vere 
healthy ;  the  sinuses  contained  a  laige  quantity  of  blood.  The 
fluid  in  the  subarachnoid  space  was  found  increased.  The  brain 
was  easily  removed,  and  there  was  found  on  the  upper  surface  of 
the  cerebellum  a  large,  firm,  nodulated,  well  circumscribed  tumour 
pressing  forward  between  the  hemispheres  (which  were  pushed 
aside),  and  partly  overlying  the  peduncles,  which  were  found 
very  much  flattened.  On  a  more  careful  examination,  it  was 
seen  that  the  tumour  had  sprung  from,  and  entirely  replaced  the 
superior  vermiform  process;  it  measured  nearly  2-^  inches  in 
length,  and  at  its  base  1^  inch  in  thickness ;  the  lateral  lobes 
of  the  cerebellum,  beyond  slight  flattening,  showed  no  other 
changes ;  the  brain  also,  beyond  the  compression  of  the  occipital 
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lobes  and  the  marked  flattening  of  the  peduncles,  showed  nothing 
abnormal  either  on  its  surface  or  in  the  cerebral  ganglia  and 
medullary  substance,  while  the  lateral  ventricles  contained  a 
large  amount  of  serum.  (Fig.  1  is  an  exact  representation  of 
the  tumour,  kindly  drawn  for  me  by  my  friend  Dr  Young ;  it, 
however,  represents  the  tumour  in  a  much  more  vertical  position 
than  it  had  when  examined  in  situ  as  stated  above.  This  verti- 
cal position  it  assumed  immediately  after  the  separation  of  the 
hemispheres,  as  if  suddenly  relieved  of  some  force  causing  it  to 
project  forward.  During  life,  the  tumour,  following  the  direction 
of  least  resistaoce,  grew  forward,  and  thus  caused  the  flattening 
of  the  peduncles,  which  is  well  represented  in  the  drawing.) 

The  histological  examination  of  the  tumour  revealed  some  veiy 
interesting  points,  but  before  describing  these  it  may  not  be  out 
of  place  to  consider  those  clinical  features  which  bear  a  direct 
relation  to  cerebral  localisation.  The  points  to  which  I  should 
like  to  draw  attention  are  briefly  these : — 

1.  The  possibility  of  an  accurate  diagnosis  being  formulated 
at  a  very  early  stage  of  the  disease,  owing  to  the  marked  charac- 
ter of  the  sjonptoms  (occipital  headache,  optic  neuritis,  stagger- 
ing without  paralysis). 

2.  The  position  of  the  tumour. — From  a  very  careful  analysis 
of  numerous  cases,  Nothnagel  {BerL  Klinische  Wochensckr,  1878, 
No.  15,  and  Topische  DiagTwse  der  CkhimkrankheUen,  pp.  4-6) 
makes  the  staggering  in  cerebellar  disease  dependent  chiefly  on 
lesions  of  the  superior  vermiform  process.  The  above  case 
strodgly  supports  that  view. 

3.  The  tetanic  nature  of  the  convulsions,  which  was  so  well 
expressed  and  so  peculiar  as  to  arrest  our  attention,  derives  great 
interest  from  the  very  recent  observations  of  Hughlings  Jackson 
(BrU.  Med.  Journal,  Feb.  7, 1880),  according  to  which  rigidity 
of  groups  of  muscles  and  tetanic-like  paroxysms  form  im- 
portant localising  sjnoiptoms  in  cerebellar  disease.  Since  the 
publication  of  Hughlings  Jackson's  interesting  paper,  a  case  by 
Dr  Bacon  (BrU.  Med.  Jov/r.  Feb.  21, 1880)  of  cerebellar  tumour 
has  been  reported,  in  which  such  tetanic  seizures  were  well 
marked ;  and  I  have  at  present  a  patient,  who,  besides  the 
ordinary  symptoms  of  cerebellar  disease,  has  persistent  retraction 
of  the  head  owing  to  rigidity  of  the  muscles  of  the  neck.     Again, 
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Stiffness  of  limbs  has  been  found  to  follow  ligature  of  both 
vertebrals  in  animals  (Cooper,  Schiff). 

4.  All  the  other  symptoms  described  are  common  to  all 
cerebral  tumours,  and  cannot  be  made  use  of  for  localising 
purposes.  The  paraplegia  observed  towards  the  dose  of  life 
was  evidently  due  to  pressure  of  the  tumour  on  the  peduncles. 
The  minute  examination  of  the  tumour  showed  some  peculiar 
points  interesting  pathologically. 

On  section  the  tumour  was  found  to  be  firm,  whitish  in 
colour,  unifonn  and  rich  in  blood-vessels,  which  ramified 
throughout  the  tumour.  Some  portion  of  the  tumour  had  quite  a 
gritty  feel,  and  made  the  knife  grate  on  cutting ;  these  parts  had 
a  more  opaque  granular  appearance. 

Histologically  the  tumour  was  found  to  be  a  spindle-celled 
sarcoma ;  the  cells  (very  small,  tapering  off  at  each  end,  contain- 
ing a  long  rod-like  nucleus,  and  but  little  protoplasm  besides 
this)  were  arranged  in  rows,  running  in  all  directions,  some 
more  transverse,  others  more  vertical;  the  cells  were  very 
much  flattened,  and  their  exact  nature  could  only  be  made  out 
by  tearing.  There  was  hardly  any  intercellular  substance ;  the 
blood-vessels,  however,  were  found  numerously  distributed 
throughout  the  whole  tumour,  and  were  of  varying  sizes ;  their 
walls  consisted  of  spindle-cells  of  exactly  the  same  shape  as  those 
making  up  the  tumour,  and  the  walls  of  the  larger  ones  differed 
from  those  of  the  smaller  ones  merely  in  the  thickness  of  the 
cell  layers  (fig.  2,  a) ;  the  parts  of  the  tumour  adjacent  to  the 
blood-vessels  had  the  cells  arranged  in  rows  which  ran  parallel 
to  these  blood  channels.  The  vessels  were  often  found  empty, 
in  some  places  stiU  filled  with  blood-corpuscles ;  in  no  part  of 
the  tumour,  however,  was  there  seen  any  calcification  of  the 
contents. 

In  many  parts  of  the  tumour  the  spindle-cells  were  arranged 
in  concentric '  layers  forming  nests  (Gowers  described  these 
tumours,  therefore,  as  nested  sarcomata),  in  the  centre  of  which 
the  cells  had  lost  their  cell  character  and  appeared  as  mere 
nuclei  (fig.  4,  6).  In  other  portions  of  the  tumour  the  above- 
described  nests,  though  stiU  surrounded  by  spindle-ceUs,  had  a 
more  uniform,  colloid  appearance,  but,  on  using  a  staining  agent, 
the  remains  of  the  cell-nuclei  could  still  be  made  out,  and  the 
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nest  had  thus  the  appearance  as  if  made  up  of  lamellse  (fig 
3,  c ;  fig.  4,  c) ;  other  nests  showed  in  the  central  part  xninnte 
calcareous  granules.  On  examining  now  the  parts  which  felt 
gritty,  which  were  mostly  the  deeper  situated  parts  of  the  tumour, 
the  same  structure  was  seen,  with  the  exception  that  the  nests 
now  were  altogether  calcareous.  After  decalcifying  such  por- 
tions of  the  tumour  there  could  still  be  rendered  visible,  on  the 
application  of  a  staining  agent,  the  remains  of  oeU-nuclei  in  the 
interior  of  the  nest ;  showing  thus  very  clearly  that  the  only 
change  in  this  part  of  the  tumour  consisted  in  a  calcareous 
degeneration  of  the  cells  constituting  the  nests.  Moreover,  in 
many  nests,  some  of  the  outer  cell  layers  were  still  intact,  while 
the  central  part  had  already  undergone  calcareous  degeneration. 
The  rest  of  the  structure  in  these  calcareous  portions  resembled 
the  other  portions  in  every  particular;  the  calcareous  bodies 
were  surrounded  by  closely-packed  spindle-cells;  the  blood- 
vessels, smaller  and  more  sparingly  distributed,  had  the  same 
embryonic  appearance  as  in  the  other  portion  of  the  tumour 
first  described.  In  no  part  of  the  tumour  could  there  be  seen  a 
calcareous  deposit  in  the  lumen  of  the  blood-vessel  or  a 
calcareous  degeneration  of  its  walls.  Looking  at  the  embryonic 
state  of  the  blood-vessels  one  might  at  first  be  inclined  to  take 
the  psammomum  nests. for  transverse  sections  of  such  vessels ; 
the  presence  of  the  cell  remains,  however,  in  these  nests,  the 
gradual  transition  of  the  nests  filled  with  perfect  cells  into  the 
colloid  degenerated  and  laminated  nests,  and,  lastly,  the  appear- 
ance of  separate  minute  calcareous  particles  in  the  nests  are 
quite  opposed  to  such  a  view.  Besides,  in  no  part  of  the  tumour 
could  there  be  seen  any  calcareous  cylinders  corresponding  to 
longitudinal  sections  of  calcareous  degenerated  blood-vessels, 
which  one  would  most  certainly  expect  to  find  in  a  tumour 
where  the  calcareous  masses  and  the  blood-vessels  were  so 
abundant 

From  this  histological  description,  it  is  evident  that  while 
some  portions  of  the  tumour  are  spindle-celled  sarcoma,  others 
are  the  nested  sarcoma  of  Gowers,  and  others,  again,  correspond 
in  every  sense  to  the  psammomum  of  Virchow.  It  is  further 
evident  that  these  different  appearances  are  merely  due  to  the 
concentric  arrangement  of  the  spindle-cells  and  their  subse- 
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quent  calcareous  degeneration.  (I  cannot  say  whether  in  all  cases 
the  nests  before  becoming  a  true  psammomnm  body  had  at  first 
to  undergo  the  peculiar  colloid  degeneration.)  If  we  now  look 
at  the  literature  of  the  subject,  we  must  come  to  the  conclusion 
that  the  tumour  described  originally  by  Yirchow  as  psammomum 
is  only  a  generic  term,  and  represents  nothing  more  than  a 
calcareous  deposit  of  peculiar  form  in  tumours  of  widely  different 
structure.  Nor  are  such  tumours  entirely  confined  to  the  brain 
and  its  membrane  as  was  at  first  thought,  for  they  have  been 
described  in  orbital  (Neumann),  in  mammary  (Ackermann), 
and  in  ovarian  tumours  (Spiegelbeig,  Marchand,  Olshausen, 
Maischlen). 

If  we  briefly  summarise  their  modes  of  development  we 
find : — 1.  Development  from  cells,  and  here  they  may  develop 
from  spindle-ceUs  (the  above  case,  Steudner),  or  from  endotheL'al 
cells  (Eobin,  Neumann,  Perls,  Golgi,  Lancereaux,  who  calls 
these  tumours  endotheliomata) ;  from  the  epithelial  cells  of 
carcinomatous  tumours  (Ackermann,  Flaischlen).  2.  Calcifica- 
tion of  the  contents  of  the  blood-vessels;  analogous  to  the 
formation  of  phleboliths  (Gomil  and  Banvier,  Arnold),  giving 
rise  to  the  angiolithic  sarcoma.  3.  Calcification  of  the  walls  of 
the  blood-vessel  (Arnold,  Schiippel). 

Seeing  thus  that  the  psammomum  bodies  occur  in  so  many 
different  tumours,  and  that  they  may  develop  from  many 
different  elements,  I  think  it  will  be  well  to  speak  of  it  merely 
as  a  degeneration,  and  hence  I  have  called  the  tumour  a 
psammo-sarcoma.  Flaischlen  in  his  recent  paper  adopts  a 
similar  course,  and  describes  a  carcinomatous  tumour  of  the  ovary 
in  which  a  number  of  psammomum  bodies  occurred  (which  he 
could  trace  to  a  calcareous  degeneration  of  a  number  of  epithelial 
cells)  as  a  psammo-carcinoma. 
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POST-MORTEM  IN  A  CASE  OF  EXTREME  OBESITY. 
By  Thomas  Oliver,  M.B.,  Physician  to  the  Newcastle-upon- 
Tyne  Infirmary. 

As  showing  the  enlaigement  the  various  organs  of  the  body  may 
undergo  in  cases  where  there  is  a  tendency  to  the  general 
deposition  of  fat,  the  following  notes  may  prove  of  interest  to 
some  readers. 

On  the  morning  of  the  9th  March  1877,  while  engaged  in 
private  practice  in  Preston,  I  received  a  hurried  message  to  go 
at  once  and  see  a  man  who  had  been  found  dead  in  bed.  When 
I  reached  the  house  I  found  a  huge  man  lying  dead.  He 
had  evidently  been  dead  a  few  hours.  As  he  had  gone  to  bed  on 
the  previous  evening  apparently  well,  I  acquainted  his  medical 
man  with  the  circumstances  of  the  case,  and  at  his  request  made 
B,  poist-mortem  examination  for  him  on  the  following  day. 

The  subject  of  these  remarks — ^W.  S.,  aged  50  years — had 
previously  been  an  overlooker  in  one  of  the  cotton  factories  of 
the  town,  but  owing  to  his  increasing  bulk  he  had  been  obliged 
to  give  up  his  situation,  and  for  a  few  years  before  his  death  he 
had  followed  no  occupation  whatever.  He  was  not  a  tall  man 
(I  should  think  about  5  feet  4  inches),  but  was  extremely  fat. 
He  was  very  lazy ;  everything  in  the  shape  of  movement  was  a 
trouble  to  him — so  much  so  that  for  months  before  his  death  he 
seldom  rose  from  his  chair,  unless  it  was  at  times,  and  that  very 
occasionally,  to  stand  at  the  open  door  of  his  house.  His  daughter 
and  his  sister-in-law  informed  me  that  a  year  before  his  death 
he  weighed  30  st.  6  lbs.  He  was  a  perfect  glutton,  and  was,  it 
would  seem,  a  heavy  tax  upon  his  daughter,  who  worked  hard 
to  support  him.  On  the  evening  before  his  death  he  ate  six  eggs 
and  two  tea-cakes ;  and  on  one  occasion — ^four  months  before  his 
death — ^when  Mr  Foulis  (Dr  Smith's  assistant)  was  attending 
him  for  bronchitis,  he  found  his  patient  demolishing  two  loaves 
of  bread,  two  bottles  of  porter,  half-a-dozen  onions,  and  half  a 
pound  of  butter.  It  was  the  usual  thing  when  Mr  Foulis  called 
to  find  his  patient  asleep  on  his  chair,  for  he  could  not  be  got  to 
bed.  For  months  before  his  death  he  had  not  worn  stockings ; 
none  could  be  got  large  enough  for  him. 
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Autopsy  twenty-six  hours  after  my  visit  to  the  house — a  huge 
cadaver — ^very  livid,  almost  black — ^rigor  mortis  well  developed. 

On  making  the  customary  incision  from  epistemum  to  pubis 
the  subcutaneous  fat  is  noticed  to  be  markedly  increased.  Before 
reaching  the  surface  of  the  sternum  I  had  to  cut  through  quite 
two  inches  of  fat.  Towards  the  lower  part  of  abdomen  the 
adipose  tissue  between  the  rectus  abdominis  and  the  skin  is 
nearly  three  inches  in  thickness;  the  rectus  muscle  itself  is 
almost  as  thin  as  paper. 

Chest. — ^The  pericardium  is  coated  with  a  thick  layer  of  soft 
oily  fat  about  half  an  inch  in  thickness.  On  opening  the  sac  it 
is  found  to  contain  about  an  ounce  and  a  half  of  serum. 

The  heart  is  very  much  enlarged — ^resembling  in  appearance 
that  of  an  ox.  The  heart  itself  is  slightly  displaced ;  its  base  is 
a  little  lower  down  than  usual,  and  more  to  the  right  side  than 
normal  The  whole  of  the  right  side  of  the  heart  is  lying  upon 
the  diaphragm.  The  heart  on  its  removal,  and  when  emptied  of 
the  dark  fluid  blood  which  it  contained,  weighs  2  lbs.  6^  oz.  It 
is  covered  with  a  deep  layer  of  fat.  The  aortic  and  pulmonic 
valves  are  healthy ;  the  mitral  and  tricuspid,  as  far  as  could  be 
ascertained  by  the  finger  inserted  into  the  auricles,  are  also 
healthy.  The  aorta  and  pulmonary  artery  present  here  and  there 
a  few  small  atheromatous  patches.  I  preferred  keeping  the 
heart  intact,  as  it  was  a  good  example  of  simple  hypertrophy — 
hypertrophy  without  the  co-existence  of  valvular  disease,  and  I 
ultimately  sent  it  to  the  museum  at  St  Bartholomew's  Hospital. 

Lungs. — ^The  left  lung  is  engorged  with  blood ;  its  lower  lobe 
is  slightly  oedematous ;  the  upper  lobe  is  emphysematous.  The 
bronchial  mucous  membrane  is  hypersBmic.  The  right  lung  is 
also  engorged. 

Abdomen. — ^Fat  is  freely  distributed  through  the  omentum, 
and  the  appendices  epiploicae  are  particularly  large.  The  Uver 
is  increased  in  size,  weighing  6  lbs.  10|  oz.  It  contains  too 
much  dark  blood.  On  scraping  a  section  of  it  the  surface  pre- 
sented here  and  there  small  yellow  foci — small  areas  of  hepatic 
tissue  deeply  stained  with  biliary  pigment  Capsule  of  liver 
normal.    Gall-bladder  contains  fluid  bile. 

The  spleen  is  enlarged  and  hard ;  it  is  dark  in  colour,  and 
weighs  25  oz.     It  cuts  like  a  cake,  the  sections  falling  asunder 
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like  slices  of  soap.     Its  tissue  is  veiy  firm,  and  easily  breaks 
down  on  pressnre. 

The  kidneys  are  with  difficulty  caught  hold  of,  for  they  are 
deeply  embedded  in  a  thick  mass  of  fat  nearly  an  inch  and  a  half 
in  thickness.  The  two  kidneys  weigh  together  25  oz.  Both  are 
deeply  engorged  with  blood.  Their  capsule  is  removed  with 
ease.  Microscopical  examination  afterwards  showed  that  they 
had  undergone  extreme  fatty  degeneration ;  the  renal  cells  and 
stroma  had  a  very  oily  aspect. 

The  venous  system  in  general  is  engorged  with  dark  fluid 
blood.  Although  the  patient  died  yesterday  morning,  and  the 
body  has  been  lying  in  a  cold  room  ever  since,  all  the  internal 
organs  are  warm. 

The  friends  refused  to  grant  me  permission  to  examine  the 
head. 

All  the  organs  of  the  body  were  enlarged  in  this  case.  As  the 
result  of  increased  functional  activity,  they  had  all  undergone 
simple  hypertrophy.  The  heart,  for  instance — taking  the  average 
weighty  as  given  by  Seid,  as  11  oz. — was  enlarged  nearly  three 
and  a  half  times  its  normal  size.  The  enlaigement  was  in  all 
probability  co-incident  with  the  enlargement  of  other  organs, 
and  was  necessitated  by  an  increase  in  the  circuit  of  the  circu- 
lation caused  by  the  deposition  of  fat.  Had  the  hypertrophy 
been  confined  to  the  left  side  of  the  heart  the  enlargement  might 
have  be^i  one  possibly  consequent  upon  the  destruction  of  the 
secreting  cells  of  the  kidney,  but  it  was  too  general  to  have 
.  such  a  causation.  There  are  many  larger  and  heavier  hearts 
than  the  one  I  have  just  recorded,  but  in  the  most  if  not  all  of 
them  there  has  been  concurrent  disease — either  endocardial 
changes,  aneurism,  or  Bright's  disease.  Within  the  last  few 
days  we  have  received  at  the  College  of  Medicine  here  a  large 
heart  from  Carlisle,  which  on  its  removal  from  the  body  weighed 
nearly  50  oz.,  but  its  valves  are  diseased.  For  a  simple  hyper- 
tropfaied  heart — ^for  a  heart  which  has  increased  in  size  in 
accordance  with  a  general  process  of  enlargement  throughout  the 
body — 38  oz.  is  a  good  weight  In  its  weight,  however,  the  heart 
in  this  case  has  maintained  as  nearly  as  possible  that  proportion 
to  the  body  which  Eeid*  mentions,  viz.,  1  to  169. 

^  Quain'9  Anatomy,  vol.  I  p.  821. 
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ON  THE  HEAD  OF  THE  LOBSTER    By  Professor  John 
Young,  University  of  Glasgow,    (Plate  XVIIL) 

On  the  tergal  surface  of  the  carapace  of  the  Lobster  an  irregular 
area  is  marked  off  by  a  straight  transverse  groove  and  a  posterior 
crescentic  one,  whose  convexity  points  backwards.  The  anterior 
straight  groove  (fig.  1,  e)  is  the  deeper,  and  has  a  corresponding 
ridge  which  projects  into  the  thoracic  cavity.  The  posterior 
groove  (fig.  1,  /)  is  double  and  veiy  shallow,  and  has  no 
corresponding  internal  ridge ;  it  is  the  direct  continuation  back- 
wards and  upwards  of  the  lateral  grooves.  These  consist  of 
an  obKque  lateral  portion  which  passes  downwards  to  a  point 
corresponding  to  the  articulation  of  the  mandible  (fig.  1,  d),  and 
then  divides  into  two,  a  short  groove  (6)  which  approaches  the 
margin  of  the  branchiostegite  opposite  the  interval  between 
the  maxillipeds  and  chelas ;  and  a  large  one  {a)  which  runs 
forward,  turning  up  slightly  at  its  end,  to  the  broad  preoral 
sternum.  At  the  point  of  divergence  {d)  of  these  two  last, 
an  intemal  convex  eminence  fits  into  a  notch  of  the  mandibular  (?) 
epimeron,  and  this  notch  is  represented  on  the  sternal  aspect  of 
the  epimeron  by  another  convex  eminence  to  which  is  adapted  the 
cup-shaped  base  of  the  mandible.  In  transverse  section  (fig.  5) 
the  pleural,  epimeral,  and  mandibular  balls  and  sockets  are 
closely  parallel.  The  anterior  part  of  the  cervical  groove  (fig.  1,  a) 
answers  anatomically  to  the  posterior  limit  of  the  three  prestomial 
sterna,  ocular,  antennular,  antennaiy  :  the  middle  or  descending 
groove  (&)  answers  to  the  posterior  limit  of  the  maxillipeds,  while 
the  posterior  oblique  groove  f-rf,  with  its  corresponding  intemal 
ridge  answers  to  the  anterior  boundary  of  the  branchial  chamber, 
and  in  young  subjects  is  conspicuously  prolonged  backwards  on 
either  side  of  the  cardiac  region  by  a  groove  {g)  which  marks 
the  upper  limits  of  the  branchial  chamber.  The  straight  trans- 
verse groove  which  joins  the  oblique  lateral  one  nearly  at  right 
angles,  /  marks  off  that  region  of  the  carapace  which  seems 
specially  related  to  the  prestomial  somites.  So  far,  then,  as  the 
anatomy  of  the  adult  is  concerned,  the  cephalic  region  does  not 
include  the  mandibular  and  maxillary  somites ;  these,  with  the 
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maxillipeds,  having  the  posterior  limit  which  Milne-Edwards 
assigned  to  the  head.  It  may  be  mentioned  in  passing  that 
the  second  maxilla  is  articulated  behind  the  first  in  front  of 
the  first  piece  of  the  thoracic  endoskeleton.  The  pleural  area 
corresponding  to  these  poststomial  somites  is  wanting,  and 
the  tergal  area  is  reduced  to  the  irregular  space  above 
mentioned.  Glaus  has  already  referred  the  mandibles  not  to 
the  third  appendage  of  the  nauplius,  but  to  the  surface  pos- 
terior and  internal  to  that  appendage.  In  the  larvae  of  a 
macrurous  crustacean  caught  in  the  Clyde  with  the  surface- 
net,  I  found  the  mandibular  thickening  not  united  with  the 
third  appendage  but  distinctly  posterior  to  it  and  nearer  the 
middle  line.  It  is  therefore  probable  that  the  mandible,  which 
is  in  several  respects  unlike  the  other  appendages,  is  merely  a 
more  complete  calcification  of  the  lateral  oral  margin  than  is 
seen  in  the  labrum,  and  that  the  third  appendage  of  the  nauplius 
becomes  united  with  it  in  process  of  growth,  and  survives  as  the 
mandibular  palp  whose  nervous  supply  comes  from  the  supra- 
oesophageal  ganglion  while  the  mandible  is  supplied  from  the 
first  ventral  ganglion.  This  separation  of  a  prestomial  region  in 
the  Lobster  and  in  the  Crayfish  is  in  harmony  with  the  anatomy 
of  the  AnneUds,  in  which  likewise  a  prestomial  region  exists  with 
an  identical  nervous  supply,  that  is  one  derived  from  the  supra- 
GBSophageal  ganglion.  In  the  Stomapoda,  the  first  and  second 
somites  are  free,  and  the  antennary  lodges  the  stomach,  while 
the  Pontellidsd  present  a  still  clearer  case  of  a  prestomial  or 
cephaUc  segment. 

The  points  to  which  I  wish  to  draw  attention  are  (1)  that  the 
"  cephalic  groove  "  is  in  reality  made  up  of  two  parts,  (a)  the  fold 
which  marks  off  the  prestomial  segment  and  starts  from  the  anten- 
nary sternum,  (h)  the  fold  which  starts  behind  the  maxillipeds 
and  joins  the  preceding  opposite  the  mandibular  articulation ;  (2) 
that  the  lateral  surfaces  answering  to  this  second  group  of 
appendages  are  obsolete,  the  tergal  being  reduced  to  small  space; 
(3)  that  the  mandible  is  by  its  development  on  a  different  foot- 
ing from  the  other  appendages,  while  by  its  anatomy  it  is  closely 
similar  to  the  hollow  epistoma ;  (4)  that  the  nervous  supply  of 
the  prestomial  segment,  including  the  mandibular  palp,  is  derived 
from  the  supraoesophageal  ganglion ;  (5)  that  the  sense  organs, 
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eyes,  antennules,  antennae,  with  the  seuse  sacs  lodged  in  the 
bases  of  the  latter,  are  confined  to  a  highly  specialised  r^on ; 
(6)  that  this  division  is  not  without  parallel  in  other  crustaceans, 
and  that,  in  fact,  the  adult  Lobster  retains  more  of  the  primitive 
relation  than  is  found  among  the  Entomostraca  for  example. 
This  division  of  the  lobster's  body  is  not  at  variance  with  the 
now  almost  f oi*gotten  view  that  the  supracesophageal  ganglion  is 
the  last  survivor  of  a  tergal  chain  which  with  the  tergal  vessels 
answered  to  the  sternal  ganglia  and  vessels.  So  long  as  the 
relations  of  the  procephalic  lobes  are  uncertain,  so  long  as  it  is 
possible  that  they  are  terga,  which  have  been  superseded,  so  to 
speak,  by  the  more  rapid  calcification  of  the  carapace  and  develop- 
ment of  the  carapace,  the  anatomy  of  the  Stomapoda  is  not 
adverse  to  this  view. 


Explanation  of  Plate  XVIII. 

Fig.  1.  Lateral  view  showing  "cervical  grove,"  and  branchial 
chamber,  a,  b,  Tr-dj  anterior,  middle,  and  lateral  grooves ;  ^,  /,  anterior 
and  posterior  tergal  grooves ;  g^  upper,  k^  anterior  limits  of  branchial 
chamber;  \  lining  membrane  of  branchi  ostegite;  t,  branchia ;  p.cZ., 
procephalic  lobes. 

Fig.  2.  Under  surface,  showing  preoral  sternum,  c;  epistoma,  6,  with 
two  calcified  plates  at  its  base ;  and  the  aiiiicular  spaces  for  Mz,  Mx^, 
Mxg,  Mxp,  1,  2,  3,  Chelae.  The  space  for  Mxg  is  behind  the 
maxillary  sternum  and  the  first  piece  of  the  thoracic  endoskeleton ;  &, 
corresponds  to  5  in  figs.  1  and  5. 

Fig.  3.  Upper  view,  carapace  partly  removed ;  ft,  c,/,  ^,  ?,  p,c,l^  as 
in  fig.  1. 

Fig.  4.  Under  view  of  antennule,  antenna,  preoral  sternum,  c] 
epistoma,  ep  \  and  mandible;  a,  articular  surfsuie  answering  to  a  in 
fig.  5,  and  fitting  on  ft  in  fig.  2,  3,  5 ;  a,  articular  surface  fitting  on  a^ 
in  fig.  3. 

Fig.  5.  Transverse  horizontal  section :  a  articular  cup  of  Mx ;  ft, 
ball  on  epimeron  ;  d^  pit  of  "  cervical  groove."  (The  specimen  got 
dry  and  warped  before  the  drawings  were  executed.) 
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NEW  ABNORMALITIES  OF  THE  ARTERIES  OF  THE 
UPPER  EXTREMITY.  By  W.  Stephenson  Richmond, 
StuderU  of  Medicine,  St  Bartholomeufs  Hospitcd.  (Plate 
XIX). 

I  HAVE  just  dissected  an  arm  in  which  the  arteries  had  such 
extreme  abnormalities  that  they  are,  perhaps,  worth  recording  on 
account  of  their  rarity. 

The  brachial  artery  gave  off,  a  little  higher  than  its 
middle,  a  large  branch  (fig.  1,  a),  which  pierced  the  brachial 
aponeurosis  and  ran  superficially  along  the  inner  side  of  the 
upper  and  fore  arms  to  the  palm  of  the  hand.  It  lay  in  its 
entire  course  in  the  superficial  fascia,  and  gave  off  no  branch 
before  reaching  the  palm.  It  passed  over  the  annular  ligament 
on  the  outer  side  of  the  pisiform-bone  and  entered  beneath  the 
palmar  fascia,  where  it  terminated  by  dividing  into  a  superficial 
and  a  deep  branch  (fig.  1,  c),  the  former  of  which  joined  the 
superficialis  volee  branch  of  the  radial  and  formed  the  superficial 
arch,  whilst  the  latter  represented  the  profunda  ulnaris  and 
joined  the  deep  arch.  The  superficial  arch  first  gave  a  branch 
to  the  inner  side  of  the  little  finger  (fig.  1,  d),  it  then  gave  off 
three  other  branches  (e,  /,  g),  which  anastomosed  with  the 
digital  arteries  of  the  deep  arch. 

The  brachial  artery  divided  in  the  usual  way  in  the  triangular 
space  at  the  bend  of  the  elbow  into  two  branches  of  equal  size — 
one  forming  the  radial  artery,  which  was  quite  normal,  the 
other  forming  what  should  be  the  ulnar,  but  in  this  case  an 
artery,  only  two  inches  in  length,  which  descended  on  the  inner 
side  of  the  tendon  of  the  biceps,  and  after  giving  off  the  ulnar 
recurrent  and  common  interosseous,  terminated  in  a  number  of 
small  arteries,  whicl^  entered  the  flexor  muscles,  on  the  inner 
side  (fig.  1,  h). 

The  deep  palmar  arch  presented,  perhaps,  stranger  peculiarities. 
The  radial  artery  entered  the  palm  as  usual  between  the  first 
and  second  metacarpals  and  gave  off  the  arteria  magna  poUicis. 
When  it  reached  the  inner  side  of  the  second  metacarpal  bone 
it  bifurcated,  or  rather  gave  off  a  large  branch  equal  in  size  to 


^      I 


352    NEW  ABNORMALITIES  OF  ARTERIES  OF  UPPER  EXTREMITY. 

its  continuation  (fig.  2,  g).  This  branch  proceeded  obliquely 
towards  the  base  of  the  first  phalanx  of  the  middle  finger,  where 
it,  in  its  turn,  divided  into  two  branches — one  supplying  the 
place  of  the  radialis  indicis  (fig.  2,  &),  and  giving  off  an  anasto- 
mosing branch  for  the  inner  side  of  the  index  finger  (fig.  2,  k), 
the  other  giving  digital  branches  to  the  middle  and  ring  fingers 
(Z,  m,  7i).  Eeturning  to  the  arch :  a  small  perforating  branch 
(6)  was  given  off  at  the  third  interosseous  space,  which  passed 
to  the  back  of  the  hand  and  anastomosed  with  the  third  dorsal 
interosseous ;  and  another  branch  (fig.  2,  c)  was  given  off  at  the 
fourth  interosseous  space  which  ascended  towards  the  base  of 
the  first  phalanx  of  the  ring  finger,  where  it  divided  into  three 
branches.  The  first  (fig.  2,  d)  anastomosing  with  the  artery  of 
the  outer  side  of  the  ring  finger,  and  thus  completing  a  third 
arch.  The  second  (fig.  2,  e)  running  up  the  inner  side  of  the 
same  finger,  and  the  third  (fig.  2,/)  running  up  the  contiguous 
side  of  the  little  finger.  The  arch  divided  and  met  again  before 
joining  the  profunda  ulnaris.  Through  the  loop  thus  formed 
passed  the  deep  palmar  nerve.^ 

Such  a  division  and  distribution  of  the  main  arteries  of  the 
arm  I  believe  to  be  entirely  new.  As  far  as  I  can  ascertain  this 
is  the  only  case  recorded  where  a  branch  from  the  brachial  runs 
down  the  idnar  side  of  the  arm,  and  has  the  distribution  of  the 
ulnar  in  the  palm,  while  another  distinct  artery  has  the  distri- 
bution of  the  ulnar  in  the  forearm. 

\  See  Professor  Turner's  "Notes  on  the  Dissection  of  a  Negro  "  (this  JounicU, 
xiii.  p.  885)  for  an  account  of  a  loop-like  arrangement  of  the  deep  palmar  arch. 


^ 


THE  BCG'^'T! 

SCC.TTYFCR 
QftRCRVAIICW 

ABNORMAL  ARRANGEMENT  OP  THE  THYROID  AR- 
TERIES. By  R  J.  Ain)ERSON,  M.D.,  Demonstrator  of 
Anatomy,  Queen's  College,  Belfast.    (Plats  XX.). 

I.  Ths  Infsrior  Thykoid  Artert. 

In  a  Male  Subject, — ^The  right  superior  thyroid  arises  from  the 
external  carotid  near  its  origin,  and  divides  into  two  farancbes 
— inner  and  outer. 

The  subdavian  artery  gives  ofif  the  foUowing  branches  :— 
The  vertebral  which  has  the  usual  position.  The  internal 
mammary  is  normal  in  position  and  relations.  The  supra- 
scapular arises  from  the  first  stage  of  the  subclavian  as  a 
separate  branch.  The  posterior  scapular  arises,  from  the  first 
stage,  and  passes  behind  the  anterior  scalenus,  and  between  two 
cords  of  the  brachial  plexus.  The  superficial  cervical  arises 
from  the  first  stage  close  to  the  origin  of  the  inferior  thyroid. 

The  inferior  thyroid  is  derived  from  the  first  stage  of  the  sub- 
clavian artery;  it  arches  upwards  and  inwards,  gives  off  the 
ascending  cervical  at  a  distance  of  one  inch  from  its  origin,  and 
imimediately  after  divides  into  two  branches,  superior  and  in- 
ferior.    The  former  passes  upwards  and  inwards  behind  the 
sheath  of  the  common  carotid  and  the  sympathetic  cord,  and 
beneath  the  right  lobe  of  the  thyroid  gland,  and  is  distributed 
to  the  posterior,  lower,  and  outer  part  of  that  lobe.    The  latter 
passes  in  front  of  the  carotid  at  a  lower  level  than  the  superior 
branchy  and  after  a  more  prolonged  course  supplies  the  inner 
and  lower  part  of  the  right  lobe  of  the  thjrroid  body,  and  gives 
branches  to  the  anterior  surface.     The  above  arrangement  is 
easily  accounted  for  by  supposing  the  inferior  thyroid  to  divide 
nearer  to  its  origin  than  usual,  and  the  lower  branch  to  pass  in 
front  of  the  carotid  artery  in  place  of  behind  it. 

In  twelve  subjects  examined  the  inferior  thyroid  arose  in  one 
case  as  a  separate  branch  from  the  subclavian,  in  one  case  from 
a  trunk  common  to  it  and  the  transverse  cervical,  and  in  the 
remaining  cases  from  the  thyroid  axis.  In  these  cases  the 
inferior  thyroid  had  one  of  the  following  arrangements: — it 
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passed  upwards  and  inwards  behind  the  common  carotid  as  a 
single  trunk,  and  divided  beneath  the  thyroid  body  into  two  or 
more  \)ranches ;  or,  secondly,  it  passed  as  a  single  trunk  behind 
the  common  carotid,  and  divided  between  that  artery  and  the 
thyroid  body  into  two  vessels,  one  of  which  (the  superior)  passed 
beneath  the  thyroid  body  and  supplied  the  posterior  and  lateral 
part  of  the  right  lobe,  and  the  other  (inferior)  passed  inwards 
below  the  thyroid  body,  and  distributed  branches  to  the  lower 
mesial  part  of  the  gland,  or  the  inferior  thyroid  divided  outside 
or  behind  the  carotid,  and  the  two  branches  passing  behind 
the  sheath  were  distributed  as  in  the  last  case.  In  four  cases 
the  inferior  thyroid  divided  internal  to  the  carotid.  In  three 
cases  it  divided  outside  (two),  or  beneath  the  common  carotid 
artery  (one).  In  the  remaining  cases  the  artery  remained  as  a 
single  trunk,  and  passed  as  such  beneath  the  thyroid  gland. 

The  condition  of  the  inferior  thyroid  artery  here  noted  differs 
from  the  third  variety  in  that  the  second  branch  passed  in  front 
of  the  common  carotid. 

An  instance  is  on  record  when  two  inferior  thyroid  arteries 
were  present,  one  of  which  passed  in  front  of  the  common 
carotid.^  This  case  might  be  considered  a  variety  of  the  fore- 
going, in  which  the  division  was  transferred  to  the  origin  of  the 
artery.  The  other  arteries,  it  will  be  seen,  arose  as  independent' 
branches  from  the  subclavian  in  place  of  the  thyroid  axis.  A 
change  in  the  relative  position  of  the  parts  might  be  supposed 
to  account  for  them,  as  well  as  other  arterial  abnormalities  in 
connection  with  the  thyroid  gland. 

An  arterial  thyroidea  ima  is  known  to  arise  occasionally  from 
the  inferior  thyroid  artery  (Gruber),  and  from  the  supra  scapular 
(Nuhn  and  Gruber).^  The  instances  recorded  of  the  latter 
variety  resemble  closely  the  instance  above  given,  as  the  arteria 
thyroidea  in  these  cases  passed  in  front  of  the  common  carotid. 

IL  The  Superior  Thyroid  Artery. 

In  a  Female  Subject, — The  left  common  carotid  divides  op- 
posite the  upper  border  of  the  thyroid  cartilage.  The  external 
carotid  gives  off  the   following  branches: — ^The  occipital   at 

*  Qnain,  Arteries^  p.  170. 

'  Henle,  ffancUnieh  der  Ckf&salehre,  p.  205. 
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a  distance  of  three-quarters  of  an  inch  from  its  origin.  The 
ascending  pharyngeal  arises  from  the  posterior  surface  close  to 
the  preceding.  The  posterior  auricular  arises  at  a  distance  of 
one  inch  and  a-half  from  the  origin  of  the  carotid.  A  lingual- 
facial  trunk  which  arises  from  the  carotid  at  the  same  distance 
from  the  origin  as  the  occipital  artery,  and  divides  one  quarter 
of  an  inch  from  the  carotid  into  .the  lingual  and  facial  branches. 

The  superior  thyroid,  which  is  single,  and  arises  from  the 
common  carotid  near  its  termination,  passes  downwards  and 
inwards,  and  divides  opposite  the  upper  border  of  the  thyroid 
cartilage  into  two  branches,  which  are  distributed  to  the  inner 
and  outer  parts  of  the  anterior  surface  of  the  thyroid  body.  The 
superior  larjmgeal  branch  is  given  off  by  this  artery  at  a  distance 
^  of  one  inch  from  its  origin,  and  passes  inwards  to  the  thyro- 
hyoid membrane. 

The  inferior  thyroid  of  the  left  side  arises  from  the  thyroid 

axis,  and  divides  into  two  branches  at  a  distance  of  two  inches 

from  its  origin.    The  upper  passes  behind  the  left  lobe,  and  is 

distributed  to  its  posterior  surface.    The  lower  is  distributed  to 

^      the  lower  and  inner  part  of  the  left  lobe. 

The  right  external  carotid  gives  off  the  following  branches : 
— ^The  occipital  artery  arises  in  common  with  the  stemo- 
mastoid  artery.  Both  arteries  hook  round  the  hypoglossal 
nerve.  The  ascending  pharyngeal  arises  from  the  posterior  part 
of  the  external  carotid  close  to  the  occipital.  The  lingual  and 
facial  arteries  have  the  usual  disposition.  Two  superior  thy- 
roids arise  from  the  internal  part  of  the  external  carotid. 
The  upper  superior  thyroid,  which  is  the  larger,  passes  down- 
wards and  inwards,  and  divides  into  two  branches  near  the 
upper  border  of  the  thyroid  cartilage ;  of  these  the  inner  passes 
beneath  the  sterno-hyoid  and  over  the  thyro-hyoid,  then  turns 
downwards  over  the  thyroid  body,  and  distributes  branches  to 
the  inner  part  of  the  anterior  surface  and  the  isthmus,  and  gives 
off  a  crico-thyroid  branch  at  the  lower  border  of  the  thyroid 
cartilage.  Hie  outer  passes  beneath  the  stemo-thyroid,  and 
crosses  the  right  lobe  obliquely  from  above  downwards  and 
inwards,  and  distributes  branches  to  the  anterior  surface,  ex- 
ternal to  the  preceding,  reaching  as  far  as  the  lower  third  of  the 
gland.      A  hyoid  branch  is  given  off  by  the  upper  superior 
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thyroid,  which  is  directed  to  the  lower  border  of  the  hyoid  bone. 
The  lower  superior  thyroid  artery  courses  downwards  and 
inwards  to  the  thyroid  body,  beneath  which  it  passes,  and  is 
distributed  to  the  posterior  siuHface  of  the  right  lobe. 

The  inferior  thyroid  artery  of  the  right  side  divides  at  a  dis* 
tance  of  one  inch  and  a  quarter  from  its  origin  into  two 
branches.  The  upper  passes  beneath  the  right  lobe,  and  is  dis- 
tributed to  the  posterior  surfaca  The  lower  passes  below  the 
right  lobe  of  the  thyroid  body,  and  is  distributed  to  the  lower 
and  inner  part  of  the  gland. 

Cases  in  which  two  superior  thyroid  arteries  are  present  must, 
as  Gruber  pdnts  out,  be  distinguished  from  those  cases  in  which 
one  or  more  arteries,  commonly  branehes  of  the  superior  thyroid, 
are  transferred  to  another  arterial  trunk.  Thus,  the  superior 
laryngeal  is  known  to  arise  firom  the  external  carotid  and 
common  carotid,  and  even  from  the  lingual  and  ascending 
pharyngeal,  and  the  muscular  branches  have  been  seen  to  arise 
from  an  independent  trunk  whilst  the  superior  thyroid  divided 
into  two  branches,  laryngeal  and  thyroid  (Meckel).^ 

In  292  cases  Quain  found  three  cases  of  double  superior 
thyroid  arteries,  in  two  of  these  the  superior  laryngeal  arose  as  a 
separate  branch  from  the  external  carotid.^  In  the  case  figured 
by  Tiedemann,  the  two  thyroid  arteries  came  from  the  external 
carotid,  the  lower  gave  off  the  dorsalis  lingual,  the  upper  the 
superior  laryngeal  and  stemo-mastoid  branch.'  In  Lauth's  case, 
also  referred  to  by  Gruber,  the  upper  thyroid  gave  off  the  superior 
laiyngeaL  In  Gruber's  case  the  upper,  which  he  calls  superior 
thyroid  No.  IL,  was  derived  from  the  lingual,  the  lower,  called 
superior  thyroid  No.  L,  was  derived  from  the  external  carotid. 

The  instance  here  given  differs,  therefore,  from  the  cases  above 
referred  to,  in  that  the  lower  thyroid  artery  gives  off  the  laryn- 
geal which,  in  the  cases  noted  by  Quain,  Tiedemann,  and  Lauth, 
arose  either  as  a  separated  artery  from  the  external  carotid  or 
as  a  branch  from  the  inferior.  It  differs,  on  the  other  hand, 
from^  Amber's  case,  in  that  the  superior  artery  was,  like  the 
inferior,  derived  from  the  external  carotid. 

^  Graber,  Beobachtvngen  aus  der  menschliehen  und  vergleicIUTideti  Anatomie, 
2  Heft 
>  Qaain,  ArUries,  p.  106.  '  Tiedemann,  TaJbulay  yii.  fig.  1. 
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A  VAEIETY  OF  THE  MYLOPHARYNGEUS  AND 
OTHER  UNUSUAL  MUSCULAR  ABNORMALITIES. 
By  R.  J.  Anderson,  M.D.,  Demonstrator  of  Anatomy^  Qiuen*8 
College,  Belfast. 

In  a  Male  Subject,  on  the  left  vide  of  (he  body, — The  portions  of 
the  superior  constrictor  attached  to  tlie  internal  pterygoid  plate, 
the  pterygo-maxillary  ligament  (in  great  part)  and  the  mouth 
and  tongue  are  normal  in  their  attachments.  The  part  arising 
from  the  mylohyoid  ridge  (for  the  extent  of  one  quarter  of  an 
inch),  and  from  the  maxillary  extremity  of  the  pterygo-maxil- 
lary ligament  (for  half  an  inch)  form  a  band  three-quarters  of  an 
inch  wide,  which  passes  downwards  and  backwards  for  one  and  a 
half  inch.  It  is  at  first  blended  with  the  superior  constrictor, 
but  separates  from  it  as  a  distinct  band  at  the  place  of  entrance 
of  the  stylo-pharyngeus,  and  immediately  divides  into  two  parts. 
One  of  these,  the  larger,  passes  downwards  and  backwards, 
superficial  to  the  middle  constrictor ;  at  first,  interlacing  with 
this  muscle  and  afterwards  becoming  continuous  with  its  fibres. 
The  anterior  longer  and  narrower  than  the  preceding,  but  becom- 
ing broad  at  its  insertion,  is  attached  to  the  posterior  border 
of  the  thyroid  cartilage  in  a  line  with,  but  above  the  attachment 
of,  the  stylo-pharyngeus  to  the  posterior  border.  The  extent  of 
the  attachment  of  the  muscle  to  the  thyroid  cartilage  is  three- 
quarters  of  an  inch. 

In  a  Male  Subject,  in  the  right  upper  extremity. — ^The  extensor 
carpi  radialis  longior  arises  from  the  ridge  above  the  external  con- 
dyle and  terminates  in  three  tendons  below  the  middle  of  the 
forearm.  The  most  internal  tendon  is  inserted  into  the  meta- 
carpal bone  of  the  third  finger,  external  to  the  attachment  of  the 
extensor  carpi  radialis  brevior.  The  middle  tendon  is  inserted 
into  the  base  of  the  second  metacarpal  bone.  The  most  external 
divides  into  two,  of  which  the  inner  is  inserted  into  the  first 
metacarpal  bone,  and  the  outer  gives  attachment  to  a  second 
slip  of  the  abductor  pollicia  The  most  internal  portion  of  the 
muscle  can  be  easily  separated  from  the  remainder  as  high  as 
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the  upper  third  of  the  forearm,  but  is  distinct  from  the  extensor 
carpi  radialis  brevior. 

The  insertion  of  an  extensor  carpi  radialis  accessorius  was 
described  by  Mr  Wood,  and  is  noted  in  the  list  of  abnormalitiea 
given  by  Professor  Macalister.^  The  muscle  described  above 
may  be  regarded  as  an  extensor  carpi  radialis  longior  (having  a 
tendon  of  insertion  into  the  third  metacarpal  bone)  and  an  exten- 
sor carpi  radialis  accessorius  (Wood)  combined. 

In  a  Female  Suijed,  in  the  left  lower  extremity, — The  plantaris 
is  one  inch  m  width  at  its  origin.  It  arises  from  the  inner  part 
of  the  posterior  ligament  and  from  the  inner  tendon  of  origin  of 
the  gastrocnemius.  The  muscular  belly  terminates  in  a  tendon 
which  passes  downwards  between  the  gastrocnemius  and  soleus, 
and  is  attached  to  the  inner  part  of  the  tendo  achilles. 

In  a  Female  Subject,  on  the  right  upper  extremity. — The 
extensor  indicis,  which  is  normal  in  its  origin,  terminates  in 
three  tendons,  of  which  the  inner  is  inserted  into  the  dorsal 
expansion  of  the  third  finger,  and  the  two  outer  are  inserted  into 
the  expansion  on  the  dorsum  of  the  second  finger.  Cases  are 
recorded  where  the  muscle  was  inserted  into  the  second  and 
third,  and  into  the  second,  third,  and  fourthl  (Meckel).*  The 
double  insertion  into  the  second  finger,  with  an  insertion  into 
the  third  flexor,  seems  unusual. 

In  a  Male  Subject,  in  the  left  lower  eidremity, — The  flexo- 
hrevis  digitorum  is  normal  in  position  and  relation.  A  muscular 
slip,  continuous  behind  with  the  muscular  belly  of  the  short 
flexor,  terminates  anteriorly  in  a  tendon  which  is  inserted  into 
the  internal  cuneiform  by  two  slips.  One  slip  at  the  outer 
and  the  other  at  the  inner  side  of  the  flexor  brevis  poUicis. 
The  attachments  of  this  muscle  are  of  interest  when  viewed  in 
connection  with  the  radio  carpus.  The  latter  muscle  has  been 
seen  in  close  relation  with  the  flexor  sublimis  digitorum  at  its 
origin,  and  is  inserted  sometimes  into  the  trapezium. 

In  a  Male  Svhject,  in  the  right  upper  extremity. — ^The  muscles 
of  the  forearm  are  normal.  A  palmaris  longus  and  a  palmaris 
brevis  are  present.  A  radio  carpus  is  present,  which  is  attached 
to  the  lower  part  of  the  oblique  bone  of  the  radius  contiguous  to 

1  "Muscular  Anomalies  in  Human  Anatomy/'  ProcRoy,  Irish  Acad.,  voL  xzv. 
'  >IacaUi'ter,  op,  cU.  p.  106,  • 


4^ 


^y 


V- 


UNUSUAL  MUSCULAR  ABNORMALITIKa  359 

the  origiiL  of  the  flexor  sublimis  digitorum,  the  muscular  fibres 
which  are  attached  to  the  posterior  surface  of  the  tendon,  form 
a  roundish  belly  three  quarters  of  an  inch  in  diameter,  which 
terminates  in  a  tendon  that  extends  up  on  the  anterior  surface 
of  the  muscle.  The  tendon  of  insertion  becomes  flat  as  it 
descends,  and  is  inserted  in  the  foUowing  manner  :-intemally 
the  fibres  are  attached  to  the  pisiform  and  unciform,  externally 
the  tendonous  fibres  are  inserted  into  the  trapezium  and  scaphoid, 
and  the  middle  fibres  into  the  annular  ligament. 

A  flat  muscular  band,  one  inch  and  a  half  in  width,  takes 
origin  from  the  deep  fascia  of  the  forearm  three  inches  above  the 
wrist,  and  from  the  tendon  of  insertion  of  the  previous  muscle, 
descends  to  the  hand  and  becomes  continuous  with  the  fibres  of 
the  abductor  minimi  digiti. 

This  muscle  is  a  somewhat  unusual  variety  of  the  radio- 
carpus.  Mr  Wood  and  Dr  Macalister  found  this  muscle  attached 
to  the  annular  ligament  and  co-existing  with  the  ordinary 
palmaris.^ 


Explanation  o^  Plate  XX. 

Fig.  1.  iCy  Internal  carotid;  ec,  external  carotid;  ec^  common 
carotid ;  i,  internal,  e,  external  branch  of  superior  thyroid ;  s,  sub- 
clavian; 88y  suprarscapular;  se,  superficial  cervical;  t;,  vertebral; 
it,  inferior  thyroid ;  ac,  ascending  cervical ;  a,  internal,  6,  external 
branch  of  inferior  thyroid. 

Fig.  2.  ie,  Internal  carotid;  ec,  external  carotid;  cc,  common 
carotid ;  /,  facial ;  Z,  lingual ;  o,  occipital ;  st,  stemo-mastoid ;  mp,  1 2, 
upper  superior  thyroid;  hy,  hyoid  branch;  mp,  t  1,  lower  superior 
thyroid ;  /,  laryngeal  artery ;  «c,  superficial  cervical  artery ;  ««,  supra- 
scapular ;  8y  subclavian ;  a,  internal ;  5,  external  branch  of  the  inferior 
thyroid  artery ;  it,  inferior  thyroid  artery. 

^  Macalister,  op,  cU.  p.  9L 


THE  PATHOLOGY  OF  A  CASE  OF  FATAL  EAR  DIS- 
EASE.  By  P.  M'Bkide,  M.B.,  and  Alexander  Bruce, 
M.B.    (Plate  XXI.) 

The  specimens  which  are  about  to  be  described  were  taken  from 
a  patient  who  died  in  the  Boyal  Infirmary  of  Edinburgh  under 
the  care  of  Professor  Grainger  Stewart,  to  whose  kindness  we  are 
indebted  for  permission  to  describe  the  post-mortem  appearances. 
As  clinical  facts  would  be  out  of  place  here,  we  shall  only  touch 
upon  them  where  the  allusion  is  absolutely  necessary. 


EXAMINATION  OF  THE  EAE.    By  P.  M^Bridb. 

I  only  saw  the  patient  once  during  life.  At  that  time  (three 
days  before  death),  she  was  able  to  give  intelligent  answers  to 
questions.  The  case  was  evidently  one  of  long  standing  sup- 
puration of  the  right  middle  ear,  perforation  of  the  tympanic 
membrane,  and  retention  of  masses  of  thickened  pus,  with 
considerable  deafness  on  the  same  side.  On  the  other  side  the  ^^ 
hearing  was  normal.  The  tuning  fork,  when  placed  on  the 
forehead,  was  heard  best  in  the  deaf  (diseased)  ear,  thus  show- 
ing that  three  days  before  death  the  right  auditory  nerve  and 
labyrinth  were  healthy. 

The  right  temporal  bone  was  removed  and  carefully  examined, 
but  not  a  trace  of  caries  or  necrosis  could  be  found.  The  only 
abnormality  (if,  indeed,  it  may  be  so  called),  was  that  the  hiatus 
Fallopii  wa^s  somewhat  larger  than  usual,  and  the  large  petrosal 
nerve,  which  passes  through  it,  gave  way  on  very  slight  traction. 

The  next  step  in  the  dissection  was  to  chisel  away  the  roof 
of  the  tympanum.  When  the  tegmen  tympani  was  removed 
the  tympanum  seemed  to  be  filled  with  a  yellowish-white  cheesy 
material,  having  the  consistence  of  clotted  cream.  The  chisel 
was  then  carried  through  the  roof  of  the  mastoid  antrum,^  which 

^  The  mastoid  antrum,  or  horizontal  portion  of  the  mastoid  process,  is  the 
large  cavity  which  lies  above  and  behind  the  tympanum,  with  which  it  com- 
municates by  what  is  commonly  called  the  opening  of  the  mastoid  cells.  Very 
generally  this  cavity  extends  further  outwards  than  the  attachment  of  the  mem- 
brana  tympani,  and  could  be  reached  by  perforating  the  roof  of  the  bony  meatus. 
_(Von  Troeltsch,  Ohrenheilkunde,  p.  176.) 
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was  also  seen  to  be  packed  with  the  same  caseous  material 
Microscopic  examinatioii  showed  the  latter  to  consist  of  pus 
corpuscles  in  all  stages  ot  degeneration,  oil  globules,  a  consider- 
able number  of  cholestearin  ciystals,  rod-shaped  bacteria,  and 
some  large  epidermoid-lookingceUs.  According  to  Yon  Troeltsch,^ 
these  large  flat  squamous  cells  occasionally  occur  in  the  mucous 
membrane  of  a  normal  mastoid  antrum.  More  frequently, 
however,  they  occur  where  the  cavity  is  filled  by  retained  pus, 
and  are  probably  in  part  due  to  the  pressure  exerted  on  its  walls. 
It  seems  probable,  if  this  state  of  things  continues  long,  the  pus 
gradually  loses  its  watery  constituents,  the  large  cells  increase 
in  number,  cholestearin  crystals  are  produced,  and  ultimately 
we  have  the  liquid  product  changed  into  a  solid  mass  of  flat 
epithelium  and  cholestearin, — the  molluscous  tumour  of  Toynbee. 

Having  studied  the  nature  of  their  cheesy  contents,  the 
tympanum  and  mastoid  antrum  were  washed  out  to  see  the 
condition  of  the  mucous  membrane  lining  them.  That  of  the 
tympanum  was  found  to  be  enormously  thickened,  so  as  to  fill 
up  a  great  part  of  the  cavity.  Microscopically,  the  thickening 
was  found  to  be  due  to  increase  of  the  connective-tissue  elements. 
The  lining  of  the  mastoid  antrum  was  also  thickened,  but  still 
smooth  and  glistening.  Of  the  membrana  tympani,  only  a  small 
portion  at  the  edges  was  left  All  the  ossicles  were  absent,  with 
the  exception  of  the  foot-plate  of  the  stapes,  which  was  after- 
wards dissected  out  from  the  fenestra  ovalis.  Neither  tensor 
tympani  nor  stapedius  was  visible.  The  external  auditory 
meatus  was  somewhat  narrowed,  as  is  frequently  the  case  in 
long-standing  suppuration  of  the  middle  ear. 

It  was  next  desired  to  find  out  the  condition  of  the  mastoid 
cells  proper.  For  this  purpose  the  mastoid  process  was  sawn 
through  in  various  directions.  Instead  of  the  ordinary  cellular 
structure,  the  whole  was  found  to  consist  of  dense  ivory-like 
bone.  Portions  of  this  were  prepared  and  cut  into  sections. 
Under  the  microscope  these  revealed  the  ordinary  structure  of 
compact  bone.  The  Haversian  canals  were  not  very  numerous, 
but  at  parts  there  were  spaces  of  various  size  filled  with  reti- 
cular tissua  It  differed  from  that  usually  found  in  diploetic 
spaces,  in  that  it  was  much  denser  and  altogether  had  a  more 

^  Lehfimeh  der  OhrertheHkunde,  p.  468. 
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organised  appearanca  Its  meshes  contained  no  fat.  This  tissue 
was  carefully  examined  at  its  margins  to  see  if  there  was  any 
tendency  to  a  development  of  new  bone,  but  such  was  not  found 
to  be  the  case.  That  in  the  normal  mastoid  process  many  of 
the  bony  cells  contain  diploe,  and  not  air,  was  pointed  out  by 
Zuckerkandel  lately  in  the  Morudaschrift  fWr  Ohrenheiikunde 
(1879,  No.  IV.).  The  external  part  of  the  tympanum,  &c.,  was 
then  removed  so  as  to  leave  that  portion  of  the  petrous  bone, 
which  contains  the  cochlea,  vestibule,  and  semicircular  canals. 
This  was  then  (Uvided  into  two  parts  in  the  direction  of  the  axis 
of  the  external  auditory  meatus.  By  this  means  the  vestibule 
was  opened  into.  In  it  was  seen  a  whitish  material,  which,  on 
being  examined  under  the  microscope,  revealed  pus  cells  and 
oil  globules.  The  two  portions  of  bone,  containing  respectively 
the  semicircular  canals  and  the  cochlea,  were  then  prepared  and 
cut  into  sections. 

Those  of  the  cochlea  seemed  to  show  a  complete  disorganiza- 
tion of  that  delicate  organ,  and  the  presence  of  a  small  quantity 
of  granular  debris  with  one  or  two  leucocytes.  I  say,  seemed  to 
show,  because  the  cochlea  is  difficult  to  prepare,  and  in  the  study 
of  its  morbid  anatomy  one  can  afford  to  place  more  reliance  on 
positive  than  on  negative  results. 

In  the  sections  of  that  portion  of  bone  containing  the  semi* 
circular  canals  no  good  section  of  a  membranous  canal  was 
obtained,  except  at  the  ampullae.  I  may,  however,  mention  that 
the  membranous  canals  are  exceedingly  difficult  to  demonstrate 
even  in  the  healthy  ear.  The  sections,  however,  revealed  a 
most  interesting  state  of  things.  The  whole  portion  of  bone  was 
infiltrated  yrith  bacteria.  The  preparations  which  showed  this 
best  were  those  which  had  been  stained  first  with  osmic  acid 
and  afterwards  slightly  with  picro-carmine.  On  examining  the 
surface  of  the  bone  generally  it  was  seen  to  be  crowded  vrith 
rod-shaped  bacteria.  These  were  abundant  both  on  and  between 
the  lamellae.  The  perivascular  spaces  (the  probable  lymphatics) 
of  bone  were  uniformly  full  of  them.  In  the  coats  of  the 
larger  arteries  they  were  seen,  and  also  around  the  margins  of 
their  lumen.  In  some  of  the  preparations  longitudinal  sections 
of  the  Haversian  canals  were  obtained  with  a  contained  vessel. 
On  and  around  the  vessel  rods  were  seen  in  great  abimdance 
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(see  fig.  1).  The  veins,  which  were  distinguished  by  tiieir  thin 
walls  and  irregular  Imnen,  for  the  most  part  contained  pings, 
which  on  close  inspection  were  distinctly  seen  to  be  made  up  of 
enormous  masses  of  rod-like  bodies  (bacteria)  (see  fig.  2).  In 
sections  of  that  part  of  the  temporal  bone  containiag  the  semi- 
circular canals  we  meet  with  numerous  spaces,  empty  for  the 
most  part,  but  some  of  which  contain  a  reticulum  4h  vessels, 
fat,  and  leucocytes.  In  those  spaces  which  contained  diploe  the 
bacteria  were  present  in  great  abundance;  but  in  the  empty 
spaces  a  few  only  were  present  round  the  edges.  The  same 
applied  to  the  bony  canals.  In  many  of  these  specimens  a 
transverse  section  of  the  facial  nerve  was  obtained.  Some  of 
the  oi'ganisms  evidently  had  passed  through  the  sheath,  and 
'  ^  could  be  seen  lying  between  the  nerve  fibrils.  In  some  of  the 
preparations  some  glistening  masses  of  micrococcus  were  seen, 
but  they  were  few  in  number. 

The  pathological  appearances  which  have  just  been  described 
are  of  considerable  interest.    Most  of  them  require  no  further 
remark,  as  the  facts  speak  for  themselves,  but  two  points  must, 
^,       I  think,  be  noticed  more  in  detail 

1.  How  are  we  to  account  for  the  presence  of  pus  in  the 
vestibule  and  cochlea  ?  It  wiU  be  remembered  that,  three  days 
before  death,  the  patient  heard  the  tuning  fork  best  in  the 
affected  ear,  when  its  stem  was  placed  on  the  forehead,  and  from 
this  we  were  entitled  to  say  that  at  that  time  the  organs  for  the 
perception  of  sound  (labyrinth  and  cochlea)  were  intact.    The 

^  explanation  must  probably  be  sought  in  the  hypothesis,  that 

between  the  day  on  which  the  ear  was  examined  and  the  patient's 
death,  the  pus  forced  its  way  into  the  vestibule.  I  regret 
extremely  that  I  did  not  carefully  investigate  the  condition  of 
the  membranes  of  the  fenestrse,  and  therefore  cannot  speak 
positively  about  this.  It  is,  however,  quite  conceivable  that  the 
subjective  symptoms  which  one  would  expect  from  such  an  oc- 
currence might  in  a  case  of  brain  disease  be  masked  by  those  of 
the  cerebral  malady. 

2.  We  must  consider  the  channel  by  which  the  bacteria  entered 
first  the  temporal  bone  in  the  neighbourhood  of  the  semicircular 
canals,  and  then,  as  we  shaU  see  from  Dr  Bruce's  report,  the 
cerebellum. 
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• 

Folitaer  has  demonstrated  an  anastomosis  between  the  vessels 
of  the  middle  ear  and  those  of  the  labyrintL*  Now,  of  course, 
the  bacteria  were  generated  by  putrefactive  changes  in  the 
cheesy  pus  which  filled  the  tympanum  and  mastoid  antrum. 
The  ulcerated  condition  of  the  mucous  membrane  lining  the 
tympanum  would  readily  admit  of  the  parasites  getting  into  the 
circulation,  both  sanguineous  and  lymphatic,  and  so  produce  the 
pathological  condition  we  have  been  considering. 

The  fact  demonstrated  by  our  case  that  bacteria  may  make 
their  way  through  bone,  which,  but  for  their  presence,  is  to  all 
appearance  healthy,  gives  us  a  possible  explanation  of  cases  of 
cerebral  abscess,  which,  though  originating  in  suppuration  of  the 
middle  ear,  ure  still  separated  from  the  temporal  bone  by  a 
portion  of  healthy  brain  substance.  Von  Troeltsch  {Ohrmheil' 
hinde,  p.  455)  seems  to  think  that  many  of  the  evil  results  of 
long-continued  chronic  middle  ear  suppuration  are  attributable 
to  pathological  conditions  such  as  we  have  described.  According 
to  him, also,  general  pyaemia  maybe  brought  about  in  the  same  I 

way  from  ear  disease,  but  he  does  not  state  that  he  has  actuaUy  ' 

seen  the  organisms  on  their  way  through  the  bona  Dr  ^ 
Binswanger  has,  in  the  Bredauer  Arzt,  Zeitschrifty  alluded  to 
the  same  subject.  Unfortunately  I  have  not  been  able  to 
obtain  his  paper,  but  only  a  resfwrnA  of  it  as  given  in  the 
ZeUschrift  fWr  Oh/reiiheUkimde  (Band  viii.  Heft  iv.)  which 
runs  as  follows: — ^**The  author  then  treats  of  (erorterd) 
the  manner  in  which  the  inflammatory  process  spreads,  and 
arrives  at  the  conclusion  that  the  parasitic  organisms  present  in 
otorrhoea  make  their  way  along  the  spaces  in  the  connective 
tissue  surrounding  the  blood-vessels ;  that  they  then  get  into  the 
circulation,  and  may  cause  metastatic  abscesses  in  a  remote  part 
of  the  brain." 

Of  course  bacteria  from  the  tympanum  might  reach  the  cere- 
bral circulation  by  any  of  the  vascular  channels  which  com- 
municate between  the  middle  ear  and  intra-cranial  space,  but  in 
the  case  before  us  it  seemed  probable  that  they  entered  through 

^  Lekrbuch  der  OhrenJieilkunde,  by  Politzer.  "  In  neurer  Zeit  onternahm  ich 
cine  Relhe  anatomiacher  untersuchungen,  welche  zu  dem  Resnltate  fuhrten  class 
Gefassverbindnngen  zwisehen  dem  Mittelohre  nnd  dem  Labyrinthe  durch  die, 
die  beiden  Abschnitte  trennende  Knochenwand,  stattfinden"  (page  52). 
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ihe  inner  labyrinthine  wall  of  the  tympannm,  because  they  were 
only  found  in  that  part  of  the  temporal  bone  around  the  semi- 
circular canals.  Unfortunately  permission  was  only  obtained 
for  examination  of  the  head,  so  it  is  impossible  to  say  whether 
there  were  any  indications  of  pyemic  processes  in  other  organs. 

With  r^ard  to  the  drawings  illustrating  this  case,  it  will  be 
observed  that  the  bacteria  appear  to  be  scattered. over  the  whole 
surface  of  the  bone  alike.  Now,  it  seems  difficult  to  explain  why 
this  should  be  so.  We  must,  however,  remember  that  the  sec- 
tions we  have  described  were  cut  from  decalcified  bone,  and  that 
such  sections  do  not  show  the  C6knaliculi  well,  so  that  many  of 
the  organisms  which  appear  to  lie  in  the  matrix  of  the  bone 
may  be  contained  in  canaUculL  Others  may  owe  their  position 
in  the  matrix  to  accidental  displacement. 

My  best  thanks  are  due  to  Dr  Hamilton  for  his  kind  assist- 
ance in  preparing  and  examining  the  sections,  and  also  to  Mr 
J.  Thomson  for  so  ably  representing  the  microscopic  appearances 
on  paper. 


THE  CEREBELLUM.    By  Alex.  Bruce. 

An  abscess  the  size  of  a  large  walnut  was  found  in  the  right 
lobe  of  the  cerebellum  towards  the  outer  half.  It  was  filled 
with  green,  viscid  pus;  large  numbers  of  punctiform  hemorrhages 
were  found  round  it.  The  wall  was  ragged  and  the  pus  parti- 
cularly foetid.  The  cerebellum  at  this  part  was  adherent  to  the 
posterior  aspect  of  the  petrous  portion  of  the  temporal  bone,  one- 
half  inch  outside  of,  and  one-quarter  inch  below,  the  internal 
auditory  meatus,  and  the  nerve  entering  the  latter  seemed  to  be 
uninvolved.  At  the  point  of  contact  of  abscess  and  bone  the 
dura  mater  had  sloughed.  The  other  parts  of  the  brain  were 
normal. 

The  foetid  odour  of  the  pus  was  explained  on  microscopic 
examination,  scrapings  of  the  pus  being  found  to  contain  great 
numbers  of  rod-like  bacteria  similar  to  those  found  in  the 
petrous  temporal  bone,  and  glistening  granular  bodies  which 
resisted  the  action  of  glacial  acetic  acid,  and  which  were  probably 
micrococci     The  haemorrhages  described  varied  in  size  up  to 
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the  head  of  a  small  pin :  most  were  circular  in  form,  and  nearly 
all  of  them  had  a  light  centre  surrounded  by  a  rust-coloured 
ring.  In  the  light  centre,  in  some  instances,  the  walls  of  a 
vessel  could  be  seen.  The  rust-coloured  ring  was  composed  for 
the  most  part  of  closely  aggregated  red  corpuscles,  which  were 
also  infiltrated  for  some  distance  into  the  surrounding  tissue  of 
the  cerebellum.  In  several  instances,  where  a  longitudinal  sec- 
tion of  a  vessel  was  obtained,  the  lumen  of  the  vessel  was  seen 
to  be  completely  occluded  by  blood  corpuscles,  while  the  peri- 
vascular lymphatic  space  was  distended  by  white  corpuscles, 
either  leucocytes  or  pus  cells,  and  intermixed  with  a  few  red 
corpuscles.  Search  was  made  by  clearing  up  some  of  the  sec- 
tions with  glacial  acetic  acid  for  the  presence  of  bacteria  or 
micrococci,  but  though  there  were  found  numerous  glistening 
granular  bodies  resembling  those  in  the  pus,  and  described  as 
micrococci,  they  were  too  sparsely  distributed  to  enable  us  to 
pronounce  with  any  certainty  as  to  their  exact  nature.  In  one 
instance  only  a  distinct  cluster  of  rods  was  seen  in  the  peri- 
vascular space,  and  a  considerable  number  of  isolated  granules, 
apparently  micrococci.  In  the  neighbourhood  of  the  occluded 
perivascular  spaces  the  tissue  of  the  cerebellum  was  infiltrated 
with  leucocytes.  The  mode  of  production  of  these  appearances 
would  seem  to  be  somewhat  as  follows : — The  bacteria,  on  reach- 
ing the  dura  mater,  probably  set  up  a  localised  meningitis,  and 
shortly  after,  or  co-incidentally  with  that,  infected  the  cerebel- 
lum itself,  setting  up  a  septic  inflammation,  which  ended  in  the 
formation  of  the  foetid  abscess  above  described,  and  in  the  slough- 
ing of  the  dura  mater.  The  channel  of  infection  of  the  sub- 
stance of  the  cerebellum  is  probably  the  perivascular  lymph 
space  and  not  the  blood-vessels.  Although  in  one  instance  only 
bacteria  could  be  detected  in  these  spaces,  yet  the  occlusion  by 
leucocytes  of  the  lymph  spaces  seen  on  longitudinal  section  of 
the  vessels  can  only  satisfactorily  be  accounted  for  on  the  hypo- 
thesis that  the  irritation  travelled  along  them.  This  occlusion 
would  probably  have  resulted  in  the  formation  of  a  thrombus  in 
the  vessel,  and,  from  the  increased  pressure  thrown  upon  the 
collateral  vessels,  in  the  punctiform  haemorrhages  already  de- 
scribed* These  together  would  lead  to  the  malnutrition  and 
abscess  formation  in  the  brain  substance,  and  had  the  patient 
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lived  longer,  we  might  expect  the  changes  at  the  seat  of  haemor- 
rhage to  have  gone  on  to  the  formation  of  a  second  septic  abcess 
similar  to  the  first. 


Explanation  op  Plate  XXL 

Fig.  1.  a,  Bone  infiltrated  with  bacteria;  by  artery  with  some 
bacteria  lying  on  it;  c,  perivascular  space  containing  nmnbers  of 
bacteria. 

Fig.  2.  a,  Bone  infiltrated  with  rod-shaped  bacteria ;  by  vein  filled 
with  bacteria  and  a  few  corpuscles  and  leucocytes ;  c,  small  artery ; 
d,  perivascular  space  containing  numerous  bacteria. 


THE  B''?"^'"*? 

SCClETYFCi? 

NOTES  ON  THE  DISSECTION  OF  A  CASE  OF  CON- 
GENITAL DISLOCATION  OF  THE  HEAD  OF  THE 
FEMUR  By  Francis  J.  Shepherd,  M.D.,  CM.,  M.E.C.S., 
Eng.,  Demonstrator  of  Anatomy,  M'GiU  University,  Montreal. 

A  lEMALE  subject  about  60  years  of  age  was  brought  to  the  dis- 
secting-room of  M'Gill  University  in  the  autumn  of  1879  in 
whom  it  was  noticed  that  the  right  leg  was  smaller  and  shorter 
than  the  left,  and  everted.  The  woman  was  very  stout,  and 
the  head  of  the  femur  could  not  be  distinctly  made  out,  but  it 
was  noticed  that  the  trochanter  was  higher  than  usual ;  abduc- 
tion was  limited,  but  otherwise  the  joint  was  freely  movable.  -^ 
The  tuberosity  of  right  ischium  was  quite  subcutaneous,  the 
muscles  appearing  as  if  carried  up  with  the  trochanter-major. 
Amount  of  shortening,  2  inches.  The  exact  nature  of  the 
lesion  was  not  made  out  from  an  external  examination,  and  it 
was  only  on  dissection  of  the  part  that  it  was  discovered  to  be  a 
congenital  dislocation. 

Dissection. — There  are  no  scars  to  be  seen  on  the  skin  of 
gluteal  or  femoral  region,  indicating  that  old  sinuses  had  existed, 
the  skin  is  perfectly  smooth.  On  removing  the  skin  and  fascia 
of  the  gluteal  region,  the  fibres  of  the  gluteus  maximus,  and 
gluteus  medius  muscles  are  found  to  be  shorter  than  normal, 
their  points  of  origin  and  insertion  being  approximated;  the 
muscular  tissue  is  much  altered,  in  some  places  being  com- 
pletely changed  into  fatty  tissue.  I  may  here  remark  that  all  the 
muscles  of  the  body  have  become  fatty  degenerated  to  a  greater 
or  less  extent,  but  this  condition  is  much  more  marked  in  some 
of  the  muscles  about  the  affected  hip.  On  removing  the  two 
superficial  gluteal  muscles  (between  which  a  lot  of  fat  is  seen), 
the  quadratus  femoris,  obturator  externus,  gemelli,  and  obturator 
intemus  are  brought  into  view.  These  muscles,  instead  of 
passing  transversely  outwards  to  get  to  their  insertion,  pass 
upwards ;  the  pyriformis  is  found  to  pass  outwards  and  slightly 
upwards,  instead  of  downwards.  The  gluteus  medius,  obturator 
intemus,  gemelli,  and  pyriformis  in  passing  to  their  insertions  go 
over  the  head  of  the  femur.    More  of  the  obturator  externus  is 
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exposed  to  view  than  usual ;  this  muscle  passes  upwards  to  the 
great  trochanter  close  to  the  old  capsule,  which  is  seen  lying 
between  it  and  the  gluteus  minimus ;  the  obturator  extemus  is 
much  longer  than  normal,  and  is  quite  a  strong  muscle,  the 
tissue  of  which  is  healthy  and  without  any  trace  of  fatty  degener- 
ation. The  gluteus  minimus  is  shortened,  and  nearly  all 
composed  of  fibrous  tissue,  it  is  pushed  upwards  by  the  ascent 
of  the  great  trochanter,  and  has  a  smaller  origin  than  usual, 
owing  to  the  space  on  the  dorsum  of  the  ilium  between  the 
middle  and  inferior  curved  lines  being  partly  occupied  by  the 
new  socket  for  the  head  of  the  femur.  This  muscle  covers  the 
head  of  the  femur,  and  is  so  closely  united  to  the  new  capsule 
that  it  can  only  in  places  be  separated  from  it. 

The  adductors  and  gracilis  muscles  are  shortened  and  tense, 
and  have  participated  but  slightly  in  the  general  degeneration ; 
the  pectineus  is  smaller  than  usual,  its  outer  portion  being 
fibrous;  it  is  attached  as  usual  to  the  shaft  of  the  femur.  The 
iliacus  intemus  muscle  has  nearly  all  atrophied  away,  and  now 
consists  of  a  very  thin  flat  layer  of  muscular  fibres,  streaked 
with  fat,  which  become  united  to  the  tendon  of  the  psoas 
magnus,  an  inch  above  P6upart's  ligament,  so  that  none  of  its 
muscular  fibres  are  seen  below  this  ligament ;  above  and  below 
this  muscle  in  the  iliac  fossa  is  a  large  deposit  of  fat.  The 
psoas  magnus  has  the  usual  origin,  but  consists  almost  entirely 
of  fatty  tissue,  streaked  here  and  there  with  muscular  fibres,  it 
ends  in  a  flat  tendon  a  little  higher  up  than  usual,  and  after 
being  joined  by  the  wasted  iliacus  muscle  passes  as  a  narrow, 
thin,  ribbon-like  tendon  in  the  groove  below  the  anterior  inferior 
spine  of  the  ilium  under  Poupart's  ligament,  in  a  direction  out- 
wards and  upwards,  and  becomes  blended  with  the  anterior  part 
of  the  old  capsule. 

Ligamentous  Strtictures. — Two  capsular  ligaments  are  seen, 
the  old  and  the  new.  The  old  capsuU  is  still  attached  to  the 
margin  of  the  acetabulum,  and  is  much  thickened;  the  ilio- 
femoral ligament  is  well  marked,  ^  being  strengthened  by  the 
blending  with  it  of  the  tendon  of  the  psoas  and  iliacus  muscles. 
The  capsule  is  stretched  upwards  and  outwards,  following,  of 
course,  the  ascent  of  the  head  of  the  femur ;  in  its  upper  and 
posterior  part  is  seen  the  head  of  the  femur  protruding  through 
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a  slit ;  this  slit  embraces  the  neck  of  the  femur,  and  it  appears 
as  if  the  head  of  the  femur  has  worn  away  the  capsule  at  this 
point  by  pressing  it  against  the  dorsum  ilii.  The  Tiew  capsule 
is  attached  ^t  its  pelvic  extremity  around  the  socket  which  has 
been  formed  on  the  dorsum  ilii  by  the  wearing  away  of  the  bone, 
— at  its  femoral  end  it  is  attached  internally  to  the  slit  in  the 
old  capsule  through  which  the  head  of  the  femur  protrudes,  and 
externally  is  continuous  with  the  inner  surface  of  the  gluteus 
minimus.  It  is  ligamentous  in  structure,  its  inner  surface  is 
smooth,  and  a  number  of  small  villous  processes  are  seen  hang- 
ing from  it.  No  synovial  f  uid  can  be  seen.  The  ligamentium 
teres  is  entirely  absent,  no  trace  of  it  being  seen  either  in  the 
old  acetabulum  or  in  the  head  of  the  femur ;  it  has  probably 
been  worn  through  and  the  two  ends  absorbed.  ^ 

Osseous  Stmictv/res, — Femur.  The  whole  bone  is  perceptibly 
smaller  than  that  of  the  opposite  side.  The  head  is  remarkably 
altered  in  appearance,  it  is  of  less  size  than  normal,  and  where 
the  ligamentum  teres  should  be  attached  it  is  flat  and  devoid  of 
cartilage,  as  if  it  had  been  worn  away  or  had  lost  its  epiphysis ; 
on  the  upper  part  of  this  flattened  surface  a  shallow  groove  is 
seen,  crescentic  in  form.  The  rematning  part  of  the  head  is  '^^ 
covered  with  cartilage.  The  compact  bony  tissue  covering  the 
head  is  remarkably  thin,  and  on  breaking  it  through  the  cancel- 
lated structure  is  found  to  be  very  soft.  The  neck  of  the  bone 
is  much  shortened,  and  forms  a  right  angle  with  the  shaft ;  the 
upper  part  of  the  shaft  is  arched  outwards ;  where  the  gluteus 
maximus  was  attached  a  rather  prominent  crest  is  seen.  The 
lesser  trochanter  is  absent,  its  place  being  occupied  by  a  shallow  * 

groove. 

Pelvis. — ^The  whole  right  half  is  smaller  than  the  left.  The 
wing  of  the  right  ilium  is  much  thinner,  more  upright,  more 
curled  inwards,  and  altogether  smaller  than  the  left;  the 
anterior  inferior  spine  is  prominent,  and  in  consequence  the 
groove  below  it  in  which  lay  the  tendon  of  the  psoas  and  iliacus 
is  deeper.  The  rami  of  the  pubis  and  ischium  on  the  right  side 
are  flatter,  thinner,  and  seem  to  spread  out  more  than  those  of 
the  opposite  side,  that  is  if  a  perpendicular  be  dropped  from  the 
symphysis  pubis,  the  angle  formed  by  it  with  the  rami  of  the 
right  side  is  much  more  obtuse  than  that  formed  by  it  with  the 
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rami  of  the  left  The  right  obturator  foramen  has  loet  its  trian- 
gular shape,  and  is  now  broadest  in  its  transverse  diameter. 
The  €Lcetabidvm  is  much  altered  in  appearance,  being  a  mere 
triangular  depression  in  the  bone ;  the  apex  of  the  trian^e  is 
upwards  and  to  the  right,  and  the  base  corresponds  to  the 
cotyloid  notcL  The  edges  of  this  triangular  depression  are 
smooth  and  curled  inwards,  and  but  slightly  covered  with  fibro- 
cartilage;  the  transverse  ligament  has  almost  disappeared. 
Around  the  edges  of  the  depression  is  attached  the  old  capsular 
ligament  The  bottom  of  the  cavity  is  completely  ossified,  and 
shows  no  trace  of  any  disease  having  existed,  the  depression  for 
the  Haversian  gland  is  well  seen,  it  is  small,  being  about  the 
size  of  a  sixpence.  The  acetabulum  measures  two  inches  in 
length,  three-quarters  of  an  inch  in  breadth,  and  half  an  inch  in 
depth,  it  was  filled  with  fatty  tissue.  The  new  socket  for  the 
head  of  the  femur  is  an  oval  depression  on  the  dorsum  ilii 
between  the  middle  and  inferior  curved  lines,  and  on  a  level 
with  the  great  sciatic  notch,  the  inner  edge  of  this  new  socket 
corresponding  to  the  bony  edge  of  the  notcL  It  has  not  been 
deepened  by  ossific  deposit,  but  appears  to  have  been  made  by 
the  wearing  action  of  the  head  of  the  femur.  It  is  two  inches 
in  diameter  and  a  quarter  of  an  inch  in  depth.  Around  its  edge 
the  new  capsule  is  attached,  and  its  floor  is  covered  by  a  sort  of 
periosteum,  which  receives  fibres  from  the  capsule.  The  ilium 
is  not  very  thin  at  this  point 

The  measurements  of  the  pelvis  are  altered,  the  diameters  of 
the  inlet  being  increased  and  outlet  slightly  diminished : — 


Diameters. 

Inlet 

Oatlet 

Conjugate,  . 

4|  inches. 

4   inches. 

Right  oblique, 

5i     „ 

— 

Left  oblique, 

5i     „ 

— 

Tiansveise, 

6        „ 

4|     „ 

The  distance  between  the  anterior  superior  spines  of  the  ilia 
measured  nine  inches. 

The  sacrum  i&  slightly  turned  to  the  affected  side,  but  other- 
vdse  is  not  much  altered  in  appearance.  There  is  no  great 
anterior  convexity  of  the  lower  dorsal  and  lumbar  vertebrae,  but 
the  vertebrae  incline  laterally  to  the  affected  side. 

RemarTcs. — (1.)  The  absence  of  anterior  convexity  in  the  lower 
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dorsal  and  lumbar  regions  was  probably  due  to  the  atrophied 
condition  of  the  psoas  and  iliacus  muscles  and  their  abnormal 
attachment  to  the  old  capsule.  Probably  during  life,  when  the 
woman  assumed  the  erect  position,  this  anterior  convexity 
existed,  though  not  to  the  great  degree  that  is  usual 

(2.)  The  aisence  of  the  lesser  trochanter  was  due  no  doubt  to  its 
having  been  torn  away  from  its  attachment  to  the  femur  at  the 
time  the  dislocation  occurred,  and  to  its  afterwards  having  been 
absorbed.  This  would  account  for  the  insertion  of  the  psoas 
and  iliacus  tendon  into  the  old  capsule,  the  muscles  thus  having 
a  very  limited  action  would  atrophy.  This  condition  would  also 
favour  the  opinion  held  by  some  that  this  form  of  dislocation 
is  due  to  violence  (at  birth). 

(3.)  There  was  no  twisting  forwards  of  the  head  and  neck  of 
the  femur,  a  condition  which  is  described  by  some,  and  which, 
had  it  existed,  would  have  accounted  for  the  eversion.  The 
eversion  of  the  limb  may  have  been  only  a  post-mortem 
symptom  due  to  the  relaxed  state  of  the  muscle,  the  large 
capsule,  and  small  head  of  femur. 


Note. — The  subject  in  which  the  above  described  dislocation 
occurred,  owing  to  the  unfortunate  state  of  affairs  in  Canada, 
had  been  illegally  obtained,  so  that  no  history  could  at  the  time 
be  procured.  I  have  since  heard  that  this  woman  had  suffered 
from  "  lameness  "  all  her  life,  that  she  walked  with  a  waddling 
motion,  and  also  that  she  had  borne  a  large  family  of  children. 
Tins  information  I  have  fair  reasons  for  supposing  is  authentic. 
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ABNORMAL  CYSTIC  ARTERY.    By  J,  Maodonald  Bbown, 
Assigtant-Demonstrator  of  Anatomy^  University  of  Edinburgh, 

Bbobktlt,  in  the  University  Anatomy  Rooms,  on  making  a  dissection 
of  the  superior  mesenteric  artery  in  a  child,  what  at  first  appeared  to 
be  two  inferior  pancreaticoduodenal  arteries  were  observed  Of  these 
the  more  external  had  the  usual  relations  of  anastomosis,  whilst  the 
more  internal  artery  ran  obliquely  in  front  of  the  head  of  the  pancreas, 
and  disappeared  behind  the  first  part  of  the  duodenum  about  its 
middle. 

When  the  latter  artery  was  traced  behind  and  above  the  duodenum, 
it  was  found  after  a  slightly  curved  course  to  reach  the  gall-bladder,  at 
the  neck  of  which  it  divided  into  two  branches,  to  supply  the  anterior 
and  posterior  surfaces.  It  was  a  long  slender  artery,  which  in  its 
course  gave  off  no  branches  whatever.  A  subsequent  dissection  of  the 
coeliac  axis  showed,  that  although  the  hepatic  artery  had  the  usual 
distribution,  its  right  tenninal  division  gave  off  no  cystic  artery.  The 
gastro-duodenal  trunk  divided  in  the  normal  manner,  but  neither  of 
^^  its  two  branches  in  any  way  communicated  with  the  abnormal  artery 
referred  to  above. 

The  gall-bladder  was  found  to  receive  branches  of  supply  £com  no 
other  source ;  so  that  in  this  case  the  cystic  artery  was  derived  from 
the  superior  mesenteric  directly. 

Quain  states  that  the  hepatic  artery  occasionally  comes  off  from  the 
superior  mesenteric,  and  the  cystic  artery  has  even  been  found  as  a 
branch  from  the  gastro-duodenal  trunk,  but  no  similar  variety  of  the 
arrangement  described  above  seems  to  have  been  hitherto  noticed, 
unless  the  specimen  recorded  by  Wilde  {Oommeni.  Ac  8e.  Petrapolit. 
]  740,  xii  262)  had  a  similar  arrangement 
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ON  THE  PLACENTA  OF  THE  GENUS  TEAGULUS,  By 
Professor  v.  Kollikeb.  {Abstracted  from  Verhandlungen  der 
Wiirzburger  Phys,  Med.  GesdUchafty  N.  F.  Band  x.) 

The  fiist  communication  on  the  foetal  membranes  of  Tragultis  was 
by  y.  Babo  in  1847,  who  stated  that  the  chorion  of  this  animal 
showed  no  trace  of  cotyledons,  but  was  covered  with  small  villi, 
which  were  lodged  in  depressions  of  the  uterine  mucous  membrane, 
from  which  they  could  be  drawn  out  A.  Milne-Edwards  also  pointed 
out  that  in  Tragvivs  Stanley antiSy  the  chorion  was  covered  with  villi, 
which  had  only  a  feeble  connection  with  the  uterine  mucous  membrane. 
Based  on  these  descriptions  it  has  been  customary  to  separate  the 
genuB  TragiduSy  as  regards  the  placenta,  from  the  majority  of 
Euminantia  and  to  place  it  along  with  the  camels,  amongst  the 
mammals  possessing  a  diffused  placenta. 

Kdlliker  has  examined  a  specimen  of  the  gravid  uterus  of  a  Tragultu$, 
which  was  perhaps  Tragidtia  Kanehil,  that  has  been  preserved  for  at 
least  thirty  years  in  the  Wiirzburg  Museum.  The  surface  of  the 
chorion  opposite  the  os  uteri  was  apparently  free  from  villi  Ck)tyledon8 
of  the  ordinary  kind  were  certainly  absent,  but  the  uterine  mucosa 
was  in  places  raised  into  little  wart-like  elevations,  which  presented 
the  appearance  of  minute  cotyledons.  The  outermost  of  these  coty- 
ledons were  completely  separated  from  each  other,  but  by  degrees  they 
became  blended  together  so  as  to  form  continuous  elevations  which 
constituted  the  chief  mass  of  the  placenta.  On  the  surface  of  these 
elevations  were  numerous  openings,  which  received  the  villi  of  the 
chorion.  These  villi  were  flattened,  and  generally  simple,  although 
indications  of  branches  were  seen  at  the  end&  Where  the  chorion 
was  in  relation  to  the  margin  of  the  miniature  cotyledon  villi  were 
absent  from  its  surface.  All  the  pits  in  the  cotyledons  of  the  mucosa 
were  lined  by  an  epithelium,  which  consisted  of  large,  many  nucleated 
cells,  which  in  some  respects  resembled  tessellated  epithelium,  but  were 
distinguished  from  it  by  the  number  of  their  nuclei  and  their  more 
many-sided  form.  These  ceUs  lay  close  to  the  epithelial  covering  of 
the  villi.  Opening  into  some  of  these  pits  were  utricular  glands 
lying  in  a  deeper  plane  of  the  mucosa.  In  the  region  of  the  mucosa, 
which  corresponded  to  the  surface  of  the  chorion  free  from  villi, 
furrows  and  depressions  on  the  surface  of  the  mucosa,  with  true  uterine 
glands  also  occurred.  The  villi  could  be  easily  drawn  out  of  the  pits 
in  the  uterine  mucosa  in  which  they  were  lodged. 

The  amnion  had  the  usual  relations.  A  large  umbilical  vesicle 
lay  between  the  amnion  and  chorion,  the  vessels  in  which  were  distinct 
and  could  be  followed  to  the  place  of  insertion  of  the  umbilical  cord. 
It  was  closely  attached  to  the  amnion  but  easily  separated  from  the 
chorion.     The  funis  contained  two  arteries  and  two  veins. 

KoUiker  considers  that  whilst  the  placenta  of  TroffiUiis  differs  from 


<' 


^y 


ANATOMICAL  NOTICES.  375 

tkat  of  the  ordinary  Ruminants  in  not  having  the  villi  of  the  chorion 
so  long  and  so  strongly  developed,  and  in  not  having  the  correspond- 
ing growths  of  the  mucosa  so  distinct,  yet  that  the  connections  of 
these  parts  with  each  other  differ  from  and  are  more  intimate  than 
that  of  the  corresponding  parts  in  the  pig  and  mare.  Also  the 
placenta  uterina  of  Tragultu  gives  definite  indications  of  separation 
into  distinct  cotyledons  which  are  indeed  found,  though  small  in  size, 
at  the  border  of  the  placenta.  The  uterine  glands  also  do  not  open 
as  in  the  pig  and  mare  on  the  surface  of  the  mucosa,  but  into  the  pits 
in  which  the  villi  are  lodged.  He  is  of  opinion  therefore,  that,  the  pla- 
centa of  this  animal  is  an  intermediate  form  between  that  of  the  proper 
Euminants  and  the  diffused  placenta  of  the  pig  and  mare. 


cr 

ON  THE  GRAVID  UTERUS  AND  PLACENTA  OF  HTO- 
M08CHUS  AQUATICUa.  By  Professors  A.  H.  Garrod  and 
Wm.  Turner.  {Ahetraeted  from  Froe,  Zoological  Society^ 
London^  June  18,  1878.) 

In  contrast  with  the  above  description  by  Prof.  v.  KoUiker  of  the 
placenta  of  a  species  of  TrwguLus  may  be  placed  that  of  the  placenta 
of  the  allied  genus  Hyomoackus  also  belonging  to  the  family 
Tragulidse. 

The  foetus  was  well  developed,  and  measured  7*5  inches  from  tip  of 
nose  to  root  of  tail.  It  was  situated  in  the  left  horn  of  the  chorion. 
The  free  surface  of  the  uterine  mucosa  was  pitted  with  multitudes  of 
minute  crypt-like  depressions  just  visible  to  the  naked  eya  In  these 
crypts  the  villi  of  the  chorion  were  lodged.  The  utricular  glands  were 
seen  sometimes  to  open  on  the  slender  raised  folds  of  mucosa  separat- 
\  ing  adjacent  crypts  from  each  other ;  at  other  times  they  opened  into 

^'^  the  crypts,  or  on  portions  of  the  mucous  membrane  where  the  crypts  were 
very  shallow  or  scarcely  perceptible.  The  mucosa  consisted  of  a  gland 
layer  and  a  crypt  layer,  the  former  was  next  the  muscular  coat,  and 
consisted  of  elongated  tubular,  tortuous  glands,  occasionally  bifurcat- 
ing and  opening  on  the  surface  as  above  stated.  The  chorion,  except 
opposite  the  os  uteri  and  the  Fallopian  tubes,  was  almost  uniformly 
covered  with  villi,  which  were  arranged  in  small  tufts  separated  from 
each  other  by  very  narrow  intervals.  The  villi  were  short  and 
branched  usually  in  the  form  of  filamentous  processes. 

The  amnion  formed  a  capacious  bag  in  the  left  horn  of  the  chorion, 
but  did  not  pass  into  the  right  horn.  The  sac  of  the  allantois 
occupied  the  right  horn  of  the  chorion  and  formed  a  tubular  prolon- 
gation extending  into  the  left  horn  to  within  half  an  inch  of  its  tip. 
The  funis  was  3^  inches  long,  and  the  amniotic  investment  of  the 
cord  was  studded  with  numerous  whitish  sessile  corpuscles.  The 
placenta  was  a  characteristic  example  of  a  diffused  placenta. 
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The  Baw  of  the  Skull  in  the  Temporo-HuilUir  Region. 

A.  ProeeMDS  Qiacilu  of  Halleiu. 

B.  0»  Articnlare. 

C.  Spins  of  the  Dental  Fomnen. 

D.  Tympenic  Bone. 
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THE  RETE  MIRABILE  OF  THE  NARWHAL.  By  Henry 
Season  Wilson,  M.D.,  Swperintendent  of  Practical  Atwiomy, 
London  Hospital.     (Plates  XXII.,  XXIII.) 

The  specimen  on  which  the  following  investigations  were  made 
was  a  fcBtal  Narwhal,  64^  inches  long,  and  48^  inches  in  its 
greatest  circumference.  Its  mother  was  captured  in  1861  on 
the  north  side  of  Pond's  Bay,  Davis  Strait,  by  Captain  George 
Deuchars  of  the  screw-steamer  "Narwhal"  of  Dundee.  The 
foetus  was  removed  at  the  time  of  capture  by  Dr  Robert  Brown, 
who  kindly  permitted  me  to  dissect  the  soft  parts.  Owing, 
however,  to  the  decomposed  state  of  the  animal,  I  could  only 
investigate  the  vascidar  system,  and  even  that  but  imperfectly. 
My  remarks  will  apply  only  to  the  thoracic  rete  mirabile,  and 
are  selected  from  the  notes  and  drawings  taken  during  my  dis- 
sections when  Demonstrator  of  Anatomy  in  the  University  of 
Edinburgh  in  1862. 

It  seems  unfortunate  that  the  term  "rete  mirabile"  should 
have  been  applied  so  indiscriminately  to  all  vascular  plexiform 
arrangements,  for,  both  anatomically  and  teleologically,  when 
the  various  plexuses  are  compared  with  each  other,  a  good  deal 
of  confusion  and  a  great  want  of  harmony  are  at  once  observable. 
I  shall  not  enter  here  into  that  question-  It  will  be  best  imder- 
stood  and  more  easily  handled  when  we  come  to  examine  into 
the  probable  function  of  retia  in  general,  and  especially  of  the 
thoracic  plexus  in  Cetacea.  Suffice  it  to  say  that  of  all  the 
retia  mirabilia  throughout  the  vertebrata,  that  in  the  thorax  of 
the  Cetacea  resembles  no  other  so-named  plexus.  John  Hunter 
is  the  only  author  who  has  likened  it  to  any  other  network,  and 
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even  that  similitude  is  but  trivial,  for  the  spermatic  arteries  of 
the  Bull  resemble  it  only  in  the  tortuosities  of  their  branches. 
I  will  first  state  the  facts  evinced  by  dissection,  deferring  deduc- 
tions and  other  observations  for  subsequent  attention. 

As  the  thoracic  rete  mirabile  in  the  Narwhal  is  arterial,  and 
its  position  is  by  the  side  of  the  thoracic  aorta,  in  order  to  under- 
stand the  sources  whence  the  vascular  supply  is  derived,  a  brief 
enumeration  of  the  modifications  exhibited  by  the  primary 
branches  of  the  aortic  arch  and  the  thoracic  aorta  are  necessary. 

Aortic  arch. — The  arch  lay  at  first  entirely  concealed  by  the 
pulmonary  artery.  Beyond  this  only  a  narrow  portion  could  be 
seen,  owing  to  the  close  manner  in  which  it  was  embraced 
by  the  lobes  of  the  tliymus  (Plate  XXII.  A).  The  right  lobe 
separated  it  from  the  vena  cava  anterior,  whilst  both  lobes  were 
interposed  between  the  arch  and  the  pneumo-gastric  nerves, 
more  especially  on  the  left.  By  dissecting  away  the  thymus, 
the  aorta  was  seen  to  be  continued  forwards  and  to  the  right  for 
a  short  distance,  and  thence  to  arch  obliquely  upwards  towards 
the  left  of  the  spine.  Close  to  its  exit  from  the  left  ventricle 
the  aorta  supplied  its  coronary  branches,  each  having  its  usual 
origin  and  distribution.  From  the  convexity  of  the  arch  arose 
the  innominate,  the  left  common  carotid,  and  the  left  posterior 
thoracic  arteries. 

The  innominate  (Plate  XXII.  -4,1)  had  its  origin  from  the  com- 
mencement of  the  transverse  portion  of  the  arch,  on  a  level  with 
the  head  of  the  first  rib,  and  greatly  exceeded  the  others  in  size. 
It  extended  forwards  towards  the  neck  for  about  half  an  inch, 
and  then  divided  into  two  large  branches — the  right  posterior 
thoracic,  and  the  right  common  carotid  (Plate  XXII.  A,  3,  2, 11, 8). 
The  right  posterior  thoracic  in  its  origin  and  in  the  relations 
of  its  first  part  resembled  the  right  subclavian,  but  differed  from 
it  in  its  ultimate  distribution.  From  its  origin  it  arched  horizon- 
tally forwards  and  outwards  towards  the  first  rib.  Beaching 
the  latter  at  the  distance  of  about  three  inches  from  the  spine, 
it  suddenly  curved  backwards,  and  continued  along  the  inner 
aspect  of  the  thoracic  wall  In  this  course  it  crossed  the  first 
eight  ribs  and  ended  in  the  eighth  intercostal  space.  It  was  thus 
divisible  into  two  portions — ^the  arch,  situated  in  the  neck,  and 
die  terminal  portion  related  to  the  ribs,  and  intrathoracic  in 
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position  (Plate  XXII.  A).  For  the  sake  of  description  these  por- 
tions may  be  called  the  arch  and  the  costal  portion.  The  arch 
was  much  the  shorter,  and  was  cervical  in  position.  It  had  the 
usual  relation  to  the  innominate  vein,  the  pneumogastric,  the 
branches  of  the  sympathetic,  and  the  phrenic  nerves,  as  well  as 
to  the  scalenus  muscle.  At  first  it  was  covered  by  the  cervical 
part  of  the  right  thymic  lobe.  Only  one  branch,  cervical  (Plate 
XXII.  A,  4)  passed  from  this  archu  It  arose  from  the  parent 
trunk,  where  that  was  crossed  by  the  right  innominate  vein. 
This  branch  corresponded  in  its  distribution  with  the^'  cervicalis 
ascendens"  in  man.  In  addition  to  its  muscular  branches  it 
supplied  offsets  in  great  numbers  to  the  cervical  portion  of  the 
rete  mirabile,  and  also  formed  large  anastomoses  with  the 
anterior  (superior),  thyroid,  and  pharyngeal  branches  of  the 
external  carotid  (Plate  XXII.  A).  On  the  left  side  this  branch 
came  from  the  left  internal  mammary.  The  costal  portion  of 
the  posterior  thoracic  ended,  as  above  stated,  in  the  eighth  inter- 
costal space.  In  its  course  it  lay,  to  a  certain  extent,  embedded 
in  the  substance  of  the  thoracic  portion  of  the  rete,  running 
along  the  external  margin  of  the  rete,  and  keeping  parallel  to 
the  spine.  Immediately  before  its  termination,  however,  it 
diverged  from  the  mesial  line.  Its  branches  were  very  numerous, 
and  were  chiefly  directed  inwards  towards  the  spine,  or  outwards 
from  it.  Towards  the  vertebral  column  it  gave  hundreds  of 
long,  delicate  offsets,  nearly  equal  in  their  calibre.  These  passed 
entirely  to  the  rete,  and  a  fuller  account  of  their  distribution 
will  be  more  appropriate  when  considering  that  network.  The 
branches  passing  outwards  constituted  groups  which,  with  the 
exception  of  the  first,  occupied  the  intercostal  spaces  from  the  third 
to  the  eighth  (Plate  XXII.  A,  16,  7).  The  first  group  was  given 
off  immediately  before  the  artery  entered  the  thorax,  and  was 
much  larger  than  the  others.  It  consisted  of  numerous  branches, 
directed  forwards  to  the  cervical  muscles,  and  backwards  to  the 
first  and  second  intercostal  spaces.  The  other  groups  resembled 
intercostal  vessels,  and  need  tiot  occupy  time  in  minute  descrip- 
tion. As  the  right  common  carotid  artery  has  very  little  to  do 
with  the  rete,  supplying  comparatively  very  few  branches,  and 
those  simply  to  its  cervical  portion,  I  shall  pass  it  over. 

The  left  common  carotid  (Plate  XXII.  A,  2')  sprung  from  the 
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aortic  arch,  at  a  distance  of  about  three  quarters  of  an  inch  from  the 
innominate  trunk.  In  size  it  was  somewhat  more  than  half  the 
calibre  of  the  latter.  Its  course  was  forwards,  and  slightly  out- 
wards. Within  the  thorax  it  was  related  externally  to  the 
narrow  anterior  prolongation  of  the  left  thymic  lobe,  by  which 
it  was  separated  from  the  left  pneumogastric,  and  internally  it 
was  in  contact  with  the  thyroid  body.  Its  cervical  portion  need 
not  be  described. 

The  left  posterior  thoracic  (Plate  XXII.  A,  3'),  in  its  place  of 
origin,  resembled  the  left  subclavian  in  man ;  that  is,  it  arose 
from  the  left  aspect  of  the  last  portion  of  the  aortic  arch,  directly 
opposite,  but  immediately  preceding  the  ductus  arteriosus.  It 
was  an  inch  and  a  half  beyond  the  left  common  carotid,  and 
about  half  its  size.  Its  course  was  forwards  to  a  level  with  the 
first  rib  and  then  backwards  to  end  in  the  ninth  intercostal 
space.  The  arch  was  intrathoracic  and  very  short.  It  had  the 
same  relations  to  the  sympathetic  and  pneumogastric  as  the 
corresponding  subclavian  in  man.  Its  only  branch  was  given 
off  as  it  neared  the  first  rib.  This  branch  soon  broke  up  into  a 
number  of  offsets,  and  represented  the  first  group  of  the  costal 
portion  of  the  right  posterior  thoracic  (Plate  XXII.  -4,  6').  The 
costal  part  of  the  left  posterior  thoracic  extended  one  intercostal 
space  beyond  that  of  the  same  branch  on  the  left  side.  It 
supplied  the  same  innumerable  branches  inwards  to  the  rete, 
and  similar  intercostal  groups  outwards.  The  first  group,  already 
mentioned,  resembled  that  on  the  right  side  in  supplying  the 
first  and  second  intercostal  spaces.  It  may  here  be  added  that 
these  intercostal  groups  anastomosed  freely  vrith  corresponding 
intercostal  branches  of  the  internal  mammary  arteries,  and  the 
last  or  terminal  group  also  inosculated  with  those  aortic  inter- 
costals  supplying  the  neighbouring  intercostal  spaces. 

Between  the  origins  of  the  left  common  carotid  and  the  left 
posterior  thoracic,  but  closer  to  the  latter,  a  very  small  fourth 
branch  arose  from  the  aortic  arch.  It  was  directed  forwards  to 
supply  the  apex  of  the  left  thymic  lobe,  and  then  ended  in 
the  left  mass  of  the  rete  mirabile  (Plate  XXII.  A), 

Thoracic  aorta. — The  thoracic  aorta  occupied  the  usual  posi- 
tion along  the  spine  as  far  as  the  diaphragm.  Its  relations  were 
similar  to  those  in  man,  with   this   exception,  that   the   rete 
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separated  it  from  the  spinal  ooluran.  Its  branches,  seven  in 
number,  corresponded  with  the  intercostal  arteries,  and  arose 
from  the  vertebral  aspect  of  the  trunk,  not  in  pairs,  but  as  single 
offsets.  These  branches  varied  considerably  in  size.  From  the 
first  to  the  fourth  there  was  a  gradual  decrease,  whilst  the  last 
three  became  greatly  enlarged.  The  direction  of  the  individual 
branches  also  differed.  The  first  three  passed  slightly  forwards 
to  reach  their  destination,  but  the  last  two  inclined  backwards. 
Each  terminated  in  two  lateral  branches  at  variable  distances 
from  its  origin.  These  lateral  divisions  coursed  along  the 
transverse  vertebral  grooves  and  ended  in  branches  which  were 
destined  to  supply,  some  the  rete  mirabile  alone,  others  partly 
the  latter  and  partly  the  intercostal  muscles.  Their  ramifica- 
tions in  the  intercostal  spaces  were  peculiar  in  that  the  branches 
of  distribution  passed  off  at  acute  angles  from  the  trunks.  As 
the  same  description  does  not  answer  for  all,  each  must  be 
examined  separately.  The  first  intercostal  artery  came  off  from 
the  aorta  at  a  level  somewhat  posterior  to  the  fifth  intercostal 
space,  and,  turning  forwards,  soon  broke  up  into  two  divisions. 

'^  One  of  these  divisions  continued  onwards  and  subdivided  into 

lateral  branches  to  supply  that  portion  of  the  rete  corresponding 
with  the  two  fourth  intercostal  spaces.  The  other  division  also 
became  bifid,  the  resulting  branches  being  spent  in  the  mesh- 
work  of  the  rete  occupying  the  fifth  interspaces.  The  second, 
third,  and  fourth  intercostals  branched  almost  directly  into 
lateral  divisions,  and  were  lost  in  the  rete  under  the  sixth, 
seventh,  and  eighth  interspaces  respectively  of  the  right  and 
left  sides.    The  fifth  intercostal  artery  was  a  very  large  branch 

/  comparatively.     Its  lateral  divisions  were  very  unequal  in  size. 

That  to  the  left  far  exceeded  the  other,  and  was  in  calibre  the 
continuation  of  the  parent  trunk.  It  coursed  along  the  trans- 
verse vertebral  groove  into  the  ninth  intercostal  space,  l3dng 
above  the  constituent  vessels  of  the  rete.  Having  reached  the 
space  it  subdivided  into  two  unequal  offsets.  The  smaller  of 
these  ran  along  the  middle  of  the  interspace  and  anastomosed 
with  the  ultimate  twigs  of  the  posterior  thoracic  and  musculo- 
phrenic arteries,  whilst  the  larger  offset  turned  obliquely  back- 
wards and  followed  the  last  rib.  In  its  course  along  the  rib  it 
first  supplied  a  considerable  branch  to  the  tenth  interspace,  and 
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then  terminated  in  offsets  to  the  abdominal  muscles  on  the  one 
side,  and  the  intercostals  on  the  other.  These  terminal  offsets 
of  the  left  lateral  division,  as  each  passed  along  its  intercostal 
space,  supplied  dorsal  vessels  which  pierced  the  intercostal 
muscles  and  ended  in  the  dorsal  vertebral  muscles,  and  while 
beneath  the  rete  each,  as  well  as  the  parent  trunk,  distributed 
numerous  delicate  twigs  to  that  network.  The  right  lateral 
division  of  the  fifth  intercostal  was  similar  in  size  and  distribu- 
tion to  those  of  the  preceding.  It  was  lost  in  that  part  of  the 
rete  opposite  the  ninth  interspace.  The  sixth  intercostal 
branch  was  the  largest  of  the  last  three.  Its  lateral  divisions 
were  proportionately  as  unequal  in  size.  That  to  the  left,  the 
smaller,  continued  entirely  imbedded  in  the  rete,  as  far  as  the 
intertransversales,  through  which  it  passed  to  end  in  the  dorsal 
muscles  of  the  spine.  Whilst  surrounded  by  the  rete  it  gave  to 
the  latter  a  large  supply  of  delicate,  slender  branches.  The 
right  lateral  division  subdivided  into  two  branches  opposite  the 
head  of  the  tenth  rib.  The  smaller  of  these,  after  sending  a 
dorsal  muscular  offset,  coursed  along  the  ninth  rib  and  was  lost, 
partly  in  distribution  to  the  ninth  and  eighth  interspaces,  and 
partly  in  anastomoses  with  the  last  ramifications  of  the  posterior 
thoracic  and  musculo-phrenic  arteries.  The  larger  branch  gave 
origin  also  to  a  dorsal  muscidar  ofiBset,  and,  continuing  outwards 
for  a  short  distance,  bifurcated  for  the  supply  of  the  last  two 
intercostal  spaces.  The  whole  of  the  right  lateral  division  as 
well  as  part  of  its  subdivision  were  covert  by  the  rete  to  which 
they  distributed  innumerable  vessels.  The  seventh  of  the  inter- 
costal series  of  branches  corresponded  to  a  "  last  dorsaL"  Its 
course,  being  dose  to  the  posterior  margin  of  the  last  rib,  was  in 
the  abdominal  wall.  It  was  the  smallest  of  the  last  three,  and 
its  lateral  divisions  were,  like  those  of  the  others,  unequal  in 
size.  That  to  the  left,  the  larger,  was  directed  above  the  rete 
mirabile  as  far  as  the  posterior  border  of  the  head  of  the  eleventh 
rib,  along  which  it  ramified,  supplying  the  muscles  in  that 
region,  and  communicating  with  offsets  from  the  fifth  intercostal 
artery.  When  lying  above  the  rete  the  latter  received  a  rich 
supply  of  vessels,  and  when  Ipng  on  the  intertransversales  it 
gave  a  dorsal  muscular  branch.  The  right  lateral  division  was 
exceedingly  small,  and  soon  broke  up  into  numerous  twigs  for 
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that  portion  of  the  rete  corresponding  with  the  tenth  inter- 
costal space. 

Now  that  the  main  branches,  whence  the  rete  mirabile  derives 
its  vascular  supply,  have  been  described,  the  position  of  the 
principal  part  of  the  rete,  that  is,  its  thoracic  portion,  'as  well 
as  the  relations  it  bears  to  the  thoracic  vessels,  will  be  easily 
understood. 

By  the  thoracic  rete  mirabile  is  understood  that  large  mass  of 
anastomosing  vessels  situated  along  the  centre  of  the  dorsal  wall 
of  the  thorax.  For  convenience  of  description  it  may  be  said  to 
consist  of  two  elongated  lateral  masses,  each  lying  athwart  the 
ribs,  and  close  to  the  side  of  the  spine,  the  lateral  masses  being 
connected  to  each  other  by  an  intermediate  central  band,  simi- 
larly constituted,  and  arching  over  tlie  vertebral  bodies.  Each 
lateral  mass  measured  3  inches  in  breadth.  They  both  pre- 
served their  characteristic  arrangement  and  structure  from  the 
base  to  the  apex  of  the  thorax,  but  beyond  these  limits  they 
became  altered  and  comparatively  insignificant.  Their  exten- 
sion into  the  abdomen  was  scarcely  perceptible,  though  their 
prolongation  into  the  neck  was  more  distinct  and  more  readily 
traced.  The  intermediate  band  had  the  same  extent  in  an 
antero-posterior  direction,  but  was  only  1^  inch  in  breadth. 
The  whole  mass  had  thus  a  transverse  measurement  of  about 
7i  inches.  As  the  rete  closely  invested  the  structures  over 
which  it  lay,  it  necessarily  varied  considerably  in  thickness. 
This  was  greatest  nearest  to  the  vertebral  bodies  where  the 
anastomosing  mass  sunk  deeply  between  the  transverse  pro- 
cesses and  the  heads  of  the  ribs,  and  into  the  hollows  t)f  the 
I  vertebral  grooves.     It  was  least  in  the  intermediate  central 

band,  which  but  thinly  covered  the  bodies  of  the  vertebrae.  The 
parts  of  the  thoracic  wall  concealed  by  the  entire  rete  mirabile 
were  the  bodies  of  the  dorsal  vertebrae,  the  intervertebral  fora- 
mina, and  part  of  the  ribs  with  the  corresponding  portion  of 
their  intercostal  muscles.  Though  the  meshwork  closely  in- 
vested these  structures,  fitting  accurately  into  all  the  inequalities 
of  their  surfaces,  yet  the  connective  tissue  between  them  and  the 
rete  was  of  such  a  loose  nature  as  to  permit  the  entire  mass  to 
be  reflected  from  them  without  much  dissection.  It  was  most 
firmly  adherent  over  the  transverse  processes  and  heads  of  the 
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ribs.  The  opposite  aspect  of  the  rete  was  ahnost  entirely  in 
contact  with  the  pleura.  The  thoracic  aorta,  however,  crossed 
lengthwise  along  the  left  of  the  central  band,  but  the  lateral 
masses  were  covered  only  by  the  pleurae.  The  free  margins  of 
the  rete,  weU  defined  on  each  side,  kept  parallel  to  the  spinal 
column,  and  were  bounded  along  nearly  the  whole  of  their 
extent  by  the  two  posterior  thoracic  arteries. 

The  three  principal  sources  whence  the  rete  mirabile  derived 
the  vessels  entering  into  its  composition  were  the  posterior 
thoracic  arteries  on  each  side,  and  the  thoracic  aorta  in  the 
middle.  The  anastomotic  vessels  of  the  posterior  thoracics 
branched  in  vast  numbers  from  those  portions  of  their  trunks 
and  of  their  intercostal  offsets  which  were  above  the  rete.  As 
they  emerged  from  these  sources  these  branches  presented  one 
of  the  most  beautiful  of  anatomical  objects.  The  delicacy  of 
their  coats,  the  vast  immensity  of  their  numbers,  their  gently 
sinuous  courses,  their  almost  equal  calibres,  and  their  almost 
equally  distanced  origins  at  once  marked  them  as  peculiarly 
characteristic  and  uncommon.  They  soon  became  lost  in  intri- 
cate meanderings  which,  with  care  and  patience,  were  gradually 
unravelled  and  their  ramifications  traced  into  the  substance  of 
the  labyrinthine  maze.  These  ramifications  will  be  best  under- 
stood by  following  as  far  as  practicable  any  given  branch. 
Quitting  its  parent  trunk  as  a  minute  vessel  it  entered  the  rete 
with  a  sinuous  course,  retaining  the  same  calibre  throughout 
this  extent.  Once  within  the  mass  it  lost  its  wavy  undulations 
and  wandered  very  tortuously.  At  the  same  time  it  became 
sometimes  rapidly,  sometimes  gradually,  widened  into  twice, 
thrice,  and  even  four  times  its  former  size,  and  distributed  here 
and  there,  at  irregular  intervals,  secondary  branches,  having  its 
own  calibre,  or  occasionally  rather  smaller.  Passing  onwards  in 
its  intricate  course,  it  branched  on  all  sides  until  at  last  its 
individuality  was  lost  in  the  complex  network  of  the  anasto- 
motic maze.  Its  secondary  branches  each  presented  a  like 
distribution,  and  supplied  tertiary  offsets,  which  in  their  turn 
but  repeated  the  same  vascular  intricacy,  adding  more  and  more 
to  the  general  labyrinth.  The  interval  between  any  two 
branches  was  occasionally  very  considerable,  and  in  such  cases 
the  vessels  wended   about  in   a  very  tortuous   manner,  as   if 
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profiting  by  their  freedom  from  lateral  ties.  Nowhere  did  a 
secondary  or  a  tertiary  offset  anastomose  with  like  branches 
from  a  primary  vesseL  The  other  vascular  source  of  the  rete 
mirabile,  the  thoracic  aorta,  added  its  supply  through  the  seven 
intercostal  branches  which  have  already  been  described.  They 
entered  the  mass  along  its  middle,  and  thus  divided  it  into 
symmetrical  halves.  Though  not  presenting  the  same  beautiful 
regularity  in  their  origins,  the  vascular  supply  from  these  aortic 
branches  was  in  every  other  respect  similar  to  that  from  each  of 
the  posterior  thoracics.  They  entered  the  substance  of  the  rete, 
and  were  there  lost  in  the  intricacies  of  the  plexus. 

On  unravelling  the  rete  throughout  its  depth  and  to  the 
extent  of  about  the  breadth  of  two  or  three  intercostal  spaces, 
the  characters  and  arrangement  of  its  constituent  vessels  were 
Teadily  examined.  In  character  and  size  they  were  divisible 
into  three  sets,  easily  distinguished  from  each  other.  For  easier 
reference  I  have  called  them  vasa  maxima,  vasa  media,  and 
vasa  minima.  The  first  set,  vasa  maxima,  contained  vessels  of 
a  large  calibre,  but  possessing  very  thin  walls.  They  were 
situated  chiefly  along  the  middle  of  the  inferior  aspect  of  the 
rete  towards  its  posterior  extent,  and  more  particularly  opposite 
the  ninth  and  tenth  intercostal  spaces.  Their  walls  were  pecu- 
liarly puckered  so  as  to  give  them  an  appearance  somewhat  like 
that  of  the  large  intestines.  It  was  due  to  this  puckering  that 
these  vessels  became  so  curiously  contorted  when  inflated, 
causing  the  whole  superficial  aspect  of  the  rete  to  resemble  a 
mass  of  cerebral  convolutions  in  miniature.  After  loosening 
the  vasa  maxima  from  their  connective  tissue,  the  puckerings 
still  remained,  and  seemed  to  be  produced  by  a  band  or  bands 
running  more  or  less  longitudinally  in  the  coats  of  the  vessels. 
The  second  set  of  vessels,  vasa  media,  were  smaller  than  the 
preceding,  though  their  walls  possessed  a  greater  proportionate 
thickness.  They  were  the  most  generally  distributed  through- 
out the  mass,  meandered  in  a  very  tortuous  manner,  and  pre- 
sented puckered  walls,  though  less  distinctly  marked  than  the 
preceding.  The  third  set,  vasa  minima,  consisted  of  vessels  very 
much  smaller  than  the  preceding,  but  having  proportionally  the 
thickest  walls.  Their  coats  were  entirely  devoid  of  the  pucker- 
ing so  characteristic  of  the  others,  and  they  were  generally 
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found  deeply  imbedded  in  the  rete.  In  their  course  they  were 
only  slightly  tortuous.  They  formed  here  and  there  distinctly 
isolated  plexiform  areas,  easily  distinguished  from  the  rest  by 
the  straight,  narrow,  thread-like  appearance  of  their  constituent 
vessels.  The  anastomoses  of  each  set  were  continuous  with 
those  of  the  others.  The  walls  of  the  vasa  maxima  and  media 
were  lax,  and  the  vessels  appeared  as  if  empty.  This  was 
doubtful  in  the  case  of  the  vasa  minima.  Occasionally  vessels 
of  a  size  intermediate  to  those  specified  were  met  with,  but  they 
were  only  exceptions. 

When  compared  with  its  great  extent,  the  branches  supplied 
by  the  rete  mirabile  to  the  structures  beneath  it  were  very  few. 
These  were  chiefly  muscular  and  osseous,  and  were  most  dis- 
tinctly seen  on  reflection  of  the  central  band  from  the  bodies  of 
the  vertebrae,  or  of  the  lateral  masses  from  the  intercostal 
spaces.  From  their  small  and  insignificant  size,  they  probably 
but  connected  the  vascular  mass  of  the  rete  with  nutrient 
vessels  of  the  surrounding  structures.  They  presented  no 
puckering  of  their  coats.  In  addition  to  the  preceding,  larger 
branches  passed  through  the  vertebral  foramina  into  the  spinal 
canal  They  had  puckered  walls,  and  were  evidently  communi- 
cations between  the  rete  and  the  vessels  within  the  vertebral 
canal,  or  they  extended  a  meshwork  of  the  same  character  as 
the  rete  into  that  canal. 

In  unravelling  the  rete  mirabile  many  structures  were  found 
imbedded  within  its  substance,  or  surrounded  by  its  anasto- 
motic vascular  plexus.  These  were — several  veins,  the  first 
portion  of  the  intercostal  nerves,  and  the  sympathetic  ganglia 
with  their  branches.  Some  of  the  veins  were  laige,  all  of  them 
had  very  delicate  walls.  They  seemed  to  pass  towards  the 
spine,  and,  while  in  the  substance  of  the  rete,  they  received 
many  branches  apparently  derived  from  a  very  fine  network 
situated  within  the  interspaces  and  over  the  coats  of  the  anasto- 
motic arteries.  But  they  were  much  too  small  and  delicate, 
and  the  parts  much  too  decomposed  for  any  satisfactory  dissec- 
tion to  be  made  with  the  scalpel.  The  intercostal  nerves  lay 
very  deeply  in  the  substance  of  the  rete,  and  while  thus  covered 
each  received  its  sympathetic  root.  The  S3mipathetic  ganglia 
were  situated  in  the  vertebral  grooves  close  to  the  roots  of  the 
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transverse  processes.  They  were  large,  laterally  compressed, 
and  irregularly  stellate  from  the  number  of  branches  which 
passed  off  to  all  sides,  and  were  closely  surrounded  by  the 
anastomotic  arteries.  In  addition  to  their  usual  branches,  they 
supplied  numerous  slender  offsets  traceable  for  a  considerable 
distance  into  the  substance  of  the  rete.  These  offsets  communi- 
cated with  each  other  in  a  plexiform  manner,  and  each  point  of 
connection  presented  a  slight  swelling.  Whether  the  latter 
were  cell-bearing  centres  or  mere  fibrous  thickening  of  the 
sheath,  remains  still  for  investigation,  as  in  this  case  the  parts 
were  unfit  for  microscopical  examination. 

EeMARKS   on   THE  ANATOMY   OF  THE  ReTE  MiRABILE  AND   ON 

ITS  Vascular  Sources. 

It  is  very  interesting  to  note  that  though  the  distribution  of 
the  aortic  trunks  differs  from  that  of  the  representative  vessels 
in  man,  yet  the  regions  supplied  by  special  branches  remain  the 
same,  the  branches  to  them  being  derived  from  other  sources. 
Thus,  though  no  thyroid  axis  springs  from  the  posterior 
thoracics,  yet  its  sub-divisions  are  represented  by  offsets  from 
neighbouring  arteries.  I  have  already  described  a  cervical 
branch  corresponding  vrith  the  "cervicalis  ascendens,"  which, 
on  the  right  side,  arose  from  the  arch  of  the  posterior  thoracic, 
and  on  the  left  from  the  internal  mammary.^  I  may  here  add 
that  the  latter  vessel,  which  itself  arises  from  the  common 
carotid,  supplies  directly  the  representative  of  the  inferior  thy- 
roid, and  indirectly,  through  its  axillary  branch,  that  of  the  supra- 
scapulars.  Again,  the  posterior  thoracics,  by  their  first  arched 
portions,  represent  the  subclavian  as  the  relations  they  present 
to  neighbouring  structures  clearly  bear  out,  whilst  their  costal 
portions  correspond  with  greatly  enlarged  and  extended  superior 
intercostal  branches  of  the  subclavian.  Bepresentatives  also  of 
the  transverse  and  the  deep  cervical  vessels  are  given  off  by  the 
first  intercostal  group  of  this  second  portion  of  the  posterior 
thoracics.^  Some  of  the  origins  above  indicated  occur  some- 
times as  varieties  in  man.      Thus,  the  cervicalis  ascendens  '  is 

1  Page  879.  «  Page  379. 

*  Q^ain'»  Anatomy,  7th  ed.vol.  L  p.  371. 
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occasionally  derived  from  the  subclavian,  and  the  transversalis 
cervicis,  ^  from  the  third  division  or  last  portion  of  the  arch  of 
the  same  trank.  As,  in  the  specimen  dissected,  the  axillaries 
were  smaller  than  the  internal  mammaries,  I  have  considered 
them  as  branches  from  the  latter,  and,  for  the  same  reasons,  the 
latter  as  arising  from  the  common  carotid.  But  since  writing 
my  notes  on  the  subject,  I  find  that  Owen  takes  a  different  view 
of  these  vessels  when  speaking  of  the  corresponding  trunks  in 
the  adult  Porpoise.  He  describes  the  posterior  thoracic  as 
arising  from  the  first  trunk  of  the  aortic  arch,  and  adds  that  the 
same  trunk,  after  giving  off  the  right  carotid,  "divides  into 
right  brachial  and  internal  mammary  arteries."  *  But  if  any 
importance  be  put  upon  the  relative  calibres  of  trunks  and  their 
branches,  as  well  as  on  their  relations  and  distributions,  my 
description  accords  with  what  the  foetal  Narwhal  presented. 

From  my  description  of  the  vessels  entering  into  the  formation 
of  the  rete  mirablle,  it  is  evident  that  the  supply  of  each  half  of 
the  mass  is  about  equal, — ^that  is,  that  about  the  same  number 
of  vessels  pass  from  the  costal  portion  of  the  posterior  thoracic 
which  skirts  the  outer  margin  of  the  rete,  as  are  supplied  by  the 
branches  from  the  intercostals  of  the  thoracic  aorta.  The  rela- 
tion also  of  the  halves  of  the  rete  to  the  heart  and  aortic  system 
seem  to  me  worthy  of  particular  notice.  Each  half  lies  between 
two  arteries,  both  of  which  are  the  sources  of  its  vascular 
supply.  Of  these,  one,  the  aorta,  is  the  central  trunk  of  the 
arterial  system,  and  is  common  to  the  right  and  the  left  halves. 
The  second  source,  that  is  the  lateral  source,  is,  on  the  left  side 
a  primary  branch,  and. on  the  right  side  a  secondary  (from  the 
shortness  of  the  innominate  equivalent  to  a  primary)  branch  of 
the  same  central  trunk.  Again,  the  lateral  sources  are  con- 
nected to  each  other  and  to  the  left  ventricle  by  the  short  span 
of  the  aortic  arch,  whence  spring  the  vessels  passing  to  the  head. 

As  my  notes  differ  very  materially  from  accounts  given  by 
Owen  and  by  Breschet  of  the  vessels  entering  into  the  formation 
of  the  thoracic  rete  in  the  Porpoise,  Dolphin,  &c.,  it  may  be  as 
well  to  point  out  these  discrepancies,  that  other  observers,  when 
opportunity  offers,  may  be  led  to  clear  them  up.    The  most 

^  Quain*8  Anatomy,  7th  ed.  vol.  i.  p.  378. 
'  Owen's  Comp.  Anat.  of  Vert.  vol.  iii.  p.  646. 
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important  of  these  is  that  Breschet,  in  his  admirable  anatomico- 
physiological  monogram  on  the  subject,  entirely  ignores  the 
very  existence  of  the  posterior  thoracic  arteries.  Indeed,  when 
speaking  of  the  manner  in  which  the  aortic  intercostals  become 
convoluted  so  as  to  constitute  the  plexus,  he  goes  on  to  say, 
"  Nevertheless  branches  representing  the  intercostal  arteries  are 
seen  issuing  from  the  outer  border  of  this  plexus  at  points  corre- 
sponding with  the  intercostal  spaces,  but  these  are  of  less  calibre 
than  the  artery  seen  entering  the  inner  border."^  He  evidently 
means  that  the  aortic  intercostals  break  up  into  the  meshwork, 
and  then  from  the  meshwork  some  branches  uniting  pass  out  to 
supply  the  place  of  intercostal  arteries.  I  have  pointed  out  that 
the  three  last,  or  rather  more  correctly,  the  last  two  but  one  of 
the  aortic  intercostals  do  enter  the  mass  of  the  rete,  and  .after 
giving  off  minute  and  numeravs  branches  to  it  pass  out  as  in- 
tercostals.^ But  they  do  not  represent  the  intercostals  of 
Breschet,  which  are  not  branches  directly  from  the  aorta,  but 
directly  from  the  rete.  On  the  other  hand,  Owen  describes  the 
posterior  thoracic  as  simply  bending  down  and  supplying  "  the 
five  anterior  intercostal  spaces.  The  succeeding  ones  derive  their 
arteries,"  he  adds,  "  directly  from  the  thoracic  aorta,  and  some 
of  them  by  a  short  trunk  which  bifurcates."'  He  states  the 
supply  of  intercostals  from  this  vessel,  but  omits  the  important 
part  it  plays  in  the  formation  of  the  rete.  The  reason  for  these 
discrepancies  may  be  perhaps  explained  by  the  fact  that  these 
trunks  were  so  embedded  in  the  mass  of  the  rete  as  to  escape 
observation  altogether  in  the  case  of  Breschet  and  partly  in  that 
of  Owen,  I  am  very  much  inclined  to  that  supposition  from 
the  fact  that  in  one  of  his  plates  Breschet  figures  an  arterial 
branch  as  dipping  into  the  substance  of  the  rete,  and  he  refers 
it  to  "a  branch  coming  from  the  subclavian  arteries,  similar  to 
those  passing  from  the  aorta  and  inclining  from  above  down- 
wards towards  the  plexus  to  contribute  to  its  formation."  *  But 
he  does  not  refer  to  it  in  any  way  in  the  text,  nor  does  he 
mention  that  it  supplies  any  intercostals^  even  though  he  says 
that  John  Hunter  described  this  plexus  as  being  formed  by  the 

^  Bist.  Anat.  et  Phya.  d!un  organe  de  nature  vasculaire  cUcouvert  doriis  CetaeiSf 
par.  M.  G.  Breschet,  Paris,  1886,  chap.  2,  sect.  19,  p.*  18.  « 

»  Pages  881,  382.  •  Loc,  cU.  vol.  iii.  p.  646.  *  Loc  cU.  pi.  ii  T 
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inteicostals  and  the  subclavian.^  John  Hunter's  words  are: 
"  The  subclavian  arteiy  in  the  piked  whale,  before  it  passes  over 
the  first  rib,  sends  down  into  the  chest  arteries,  which  assist  in 
forming  the  plexus  on  the  inside  of  the  ribs.^  Here  again 
there  seems  to  be  some  differences  in  the  arrangement  of  the 
vessels.  This  branch  described  by  Hunter  does  not  seem  to 
give  off  any  intercostals.  Still,  it  is  evident  that  in  the  piked 
whale  there  is  a  true  subclavian  continuing  over  the  first  rib  (I 
presume)  to  become  axillary.  It  is  also  clear  that  there  are  no 
posterior  thoracics  described  by  Hunter ;  in  other  words,  I  am 
quite  entitled  to  call  the  first  portion  of  the  posterior  thoracics 
a  subclavian,  as  I  am  to  recognise  in  its  costal  continuation 
an  exaggerated  superior  intercostal.  I  adopted  the  term 
"posterior  thoracic"  after  finding  that  Owen  had  used  it,  as 
by  that  means  confusion  is  obviated.  In  my  notes  I  did  not 
feel  justified  in  calling  the  whole  vessel  subclavian,  and  had, 
therefore,  given  it  the  name  of  intrathoracic.  It  may  seem 
improbable  that  the  formation  of  the  thoracic  rete  in  the 
Narwhal  should  differ  so  materially  from  that  in  the  Porpoise 
and  other  Cetacea,  and  yet  so  it  appears  to  be.  Tlie  next  dis- 
crepancy has  reference  to  the  aortic  intercostals.  From  Owen's 
description  it  is  evident  that  in  the  Porpoise  there  are  more 
true  aortic  intercostals  (that  is,  intercostals  passing  to  the 
spaces)  than  in  the  Narwhal,  because  he  describes  the  posterior 
thoracics  as  supplying  only  the  five  anterior  spaces.  And  in  his 
account  of  these  aortic  intercostals  he  says  that  they  *'  send  off 
the  dorsal  branch,  and  that  which  accompanies  the  ribs ;  but 
they  also,  and  chiefly,  divide  into  a  vast  number  of  branches  "  ^ 
forming  the  rete.  I  have  carefully  described  these  branches  of 
the  thoracic  aorta^  and  it  may  be  remembered  that,  of  the  first 
four,  one  corresponded  with  the  fourth  and  fifth  interspaces; 
the  other  four  represented  respectively  the  succeeding  spaces 
from  the  fifth  to  the  eighth,  and  none  of  these  supplied  true 
intercostals.  Further,  the  others  representing  true  intercostals 
distributed  their  branches  alternately  to  left  and  right,  and 

^  L(y.  cU.  chap.  8,  p.  43. 

s  *'ObMrTatioii  on  the  Stractare  and  Economy  of  Whalea,"  by  Joho  Hunter, 
rha,  Tratu.  1787.  p.  415. 
*  Iak.  cU.  p.  456. 
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each  furnished  offsets  to  more  than  one  space.  Again,  the 
first  four  entirely  broke  up  into  branches  for  the  rete, 
whereas  the  others  supplied  to  the  rete  minute  offsets,  having 
characters  similar  to  those  given  off  from  the  posterior 
thoracics.^  The  passage  quoted  may  mean  this  difference,  but 
it  does  not  appear  clear.  Breschet's  remarks  correspond  with 
mine ;  he  describes  them  all  as  having  single  origins,  but  after* 
wards  bifurcating,  which  fact  does  not  accord  with  Owen's 
observations.  Breschet,  however,  makes  all  the  intercostals  as 
passing  from  branches  derived  from  the  outer  margin  of  the 
rete.  Hunter  mentions  that  the  intercostals  "divide  into  a 
vast  number  of  branches  which  run  in  a  serpentine  course 
between  the  pleura,  ribs  and  their  muscles.  .  .  .  Those  vessels," 
he  adds,  "everywhere  line  the  sides  of  the  thorax,''  &c.  He 
evidently  observed  the  rete  to  cover  the  whole  of  the  thoracic 
walls,  for  further  on  he  remarks,  when  speaking  of  the  piked 
whale,  "  I  am  not  certain  but  the  internal  mammary  arteries 
contribute  to  form  the  anterior  part  of  this  plexus."*  This 
description  differs  markedly  from  the  arrangement  I  have  just 
given,  as  seen  in  the  Narwhal.  The  third  discrepancy,  I  should 
like  to  pcAat  out,  pertains  to  the  constituent  vessels  of  the  rete. 
Owen  describes  the  mass  of  these  vessels  as  "  a  close  tortuous 
interlacement,"  unfortunately  omitting  the  complete  character- 
istically anastomotic  nature  of  the  meshwork.  Further  on  he 
adds,  "Any  convoluted  intercostal  artery  contributing  to  this 
reservoir  can  be  unravelled  and  traced  to  a  grecU  length,  vnthout 
sending  off  branches  or  changing  its  calibre"^  Breschet  is  very 
minute  and  very  full  in  his  description  of  the  numerous  pro- 
longations, which  the  mass  sends  in  various  directions,  particu- 
larly into  the  spinal  canal.  But  in  his  remarks  on  the 
arrangement  of  the  vessels  he  holds  that  they  are  "seen  to 
retain  almost  the  same  calibre,  since  there  are  scarcely  any 
secondary  branches  furnished  by  these  vessels.  There  is  no  suc- 
cessive decrease  of  calibre  in  these  arteries,  and  they  can  be 
followed  throughout  their  extent  without  the  anatomist  being 
checked  in  his  investigations,  either  by  their  passiqg  into 
capillaries  or  penetrating  parenchymatous  tissue."^    Breschet, 

^  Pages  881,  382.  *  Loc.  cil.  p.  415. 

'  Loc.  cit.  p.  546.  ^  Loc,  eit,  chap.  2,  ficct.  19,  pp.  17,  18. 
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by  these  remarks,  has  for  his  main  object  the  establishment  as  a 
fact  that  the  rete  is  purely  arterial  and  mo  ipso  in  character. 
Hunter,  we  have  seen,  found  them  simply  to  "run  in  a  ser- 
pentine course,  making  a  thick  substance  somewhat  similar  to 
that  formed  by  the  spermatic  artery  in  the  BulL^  Again,  it  is 
evident  from  these  three  anatomists'  descriptions  that  there 
must  be  a  great  difference  between  the  Narwhal  on  the  one 
hand>  and  the  Porpoise  and  other  Cetacea  on  the  other.  In  the 
latter,  it  would  seem,  there  is  no  network  worth  naming,  the 
mass  being  mainly  due  to  extensive  convolutions  of  the  vessels, 
and  the  vessels  themselves  present  no  sudden  enlargement  in 
their  calibre,  nor  puckerings  in  their  coats,  nor  that  minuteness 
and  exquisitely  curious  equality  in  calibre  at  their  origin. 
There  seems  to  be  also  an  absence  of  difference  of  size,  and 
this  is  important  to  bear  in  mind,  because  this  difference  in  size 
may  have  a  weighty  teleological  meaning. 

Breschet,  in  his  memoirs,  lays  great  stress  on  the  fact  that  tlie 
intercostal  veins  do  not  form  intrathoracic,  but  intraspinal 
azygos  trunks,  the  latter  having  the  same  inequality  in  size 
noticeable  in  the  usual  arrangement  o£  these  veins.^  Unfortu- 
nately I  did  not  read  Breschet's  description  until  many  years 
after  I  had  written  my  notes,  and  then  I  could  not  refer  to  any 
of  my  dissections,  so  as  to  ascertain  whether  in  this  the  Narwhal 
resembled  other  Cetacea.  However,  it  may  be  remembered  that 
in  my  notes  I  describe  having  seen  some  large  veins  imbedded 
in  the  substance  of  the  rete  and  passing  towards  the  spine.^ 
Undoubtedly  these  were  Breschet's  intercostals.  However,  veins 
con'esponding  with  posterior  thoracics  received  intercostal 
branches,  representing  the  arterial  offsets  sent  to  those  spaces. 
Were  such  the  case  in  the  Porpoise,  then  the  intraspinal  azygos 
veins  would  suffer  great  diminution  in  size.  The  minute  venous 
plexus  described  as  passing  from  the  coats  of  the  constituent 
vessels  of  the  rete  to  these  large  veins,  may  represent  the  veins 
corresponding  with  the  anastomotic  areas  found  in  connection 
with  the  vasa  minima.* 

Teleological  dedudions. — It  seems  to  me  that  the  Cetacea  pre- 
sent all  the  various  forms  of  retia  found  in  other  classes  of 

1  Loc,  cit,  p.  415.  *  Ibid,  chap.  2,  seoU.  21,  22,  pp.  18,  19. 

»  Page  386..  *  Pages  885,  386. 
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vertebrata.  A  cursory  examination  into  these  would  at  once 
strike  the  observer  that  all  cannot  have  the  same  function  to 
perform  in  the  economy  of  the  animaL  Again,  in  running  over 
the  long  list  of  animals  possessing  retia,  another  fact  presents 
itself,  namely,  that  they  are  not  limited  only  to  animals  of 
similar  economy.  Animalfl  remarkable,  some  for  the  slowness 
and  others  for  the  power  and  rapidity  of  their  movements, — 
cold-blooded  and  hot-blooded  animals, — all  present  in  some  form 
these  retia.  The  Cetacea  alone,  however,  possess  that  form  at 
once  so  characteristic  and  singular.  I  have  pointed  out  that 
this  fonn  is  remarkable  for  the  minuteness  and  equaUty  of 
calibre  of  the  constituent  vessels  at  their  origins,  for  the  sudden 
enlargement  of  some  of  these  vessels,  at  the  expense  of  the 
thickness  of  their  coats,  and  for  the  peculiar  puckerings  pre- 
sented by  their  waUs.^  If  all  these  characters  be  not  found  in 
the  thoracic  rete  of  all  Cetacea,  it  is  certain  that  they  are  present 
in  the  well- advanced  foetal  Narwhal  This  form  of  retia  I 
would  propose  to  call  the  bilateral^  i.e.,  possessing  two  margins, 
each  bounded  by  the  sources  of  its  vascular  supply.  In  contra- 
distinction I  would  term  axial  those  retia  found  in  the  course 
of  any  vessel.  The  axial  might  conveniently  be  divided  into, 
first,  mediate^  in  cases  where,  after  breaking  up  into  the  rete,  the 
meshwork  again  coalesces  so  as  to  (xnUinue  the  same  arterial 
trunk  onwards  as  before;  and,  secondly,  tenmrud,  where  the 
artery  breaks  up  into  slender  anastomotic  branches  which  do 
not  reunite.  Again,  these  two  forms  mediate  and  terminal  might 
each  be  further  subdivided  into  complete  and  incomplete^  the 
former  indicating  a  complete  breaking  up  of  the  whole  trunk, 
and  the  latter,  a  partial  division,  the  trunk  more  or  less  dimi- 
nished  in  size,  continuing  through  the  meshwork  formed  by  the 
branches  it  has  supplied,  this  meshwork  or  anastomosing  vessels 
closely  investing  it.  The  axial  form  of  retia  would  seem  some- 
times to  have  as  its  object  the  supply  of  arterial  blood  by  a 
single  large  trunk,  sometimes  the  avoidance  of  a  single  vessel, 
where  compression  of  it,  in  any  particular  condition  of  the 
animal,  might  prove  injurious  to  the  parts  thus  nourished  In 
other  cases  it  would  appear  to  indicate  a  means  by  which  sudden 
pressure  upon  important  organs  is  checked.     Some  have  sup- 

1  Page  386. 
VOL.  XIV.  2  E 
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posed  that  in  a  few  instances  this  fonn  of  rete  may  act  as  a 
modified  lymphatic  gland  in  which  a  chemical  change  may  take 
place  in  the 'blood  before  it  passes  to  certain  organs.^    The 
Narwhal  is  rich  in  specimens  of  complete  terminal  form  of  the 
axial  reta    Many  large  branches  as  they  pass  imdemeath  or 
towards  a  muscle  are  seen  suddenly  to  break  up  into  a  leash  of 
elongated  slender  plexif  orm  vessels,  which  constitute  the  nutrient 
vessels  of  the  muscle  (Plate  XXII.  B),     In  such  cases  one  may 
presume  that,  by  such  means,  one  vessel  is  capable  of  conducting 
to  the  muscles  a  large  amount  of  blood,  at  the  same  time  that,  by 
its  sudden  subdivision  into  much  smaller  offsets,  at  a  certain  part 
of  its  extent,  it  prevents  pressure  from  contraction  of  the  muscle 
interfering  with  its  function.    The  arrangement  of  the  arteries 
in  the  arm  and  leg  of  the  Sloth  and  Loris  would  also  indicate 
avoidance  of  compression.    As  a  means  to  prevent  undue  pres- 
sure upon  important  organs,  there  is  no  better  example  than  the 
axial  rete  on  the  internal  carotids  of  the  Buminantia.    One  of  the 
cases  in  which  its  glandular  function  was  insisted,  is  the  axial 
rete  on  the  common  carotids  of  the  Batrachia.'    But  this  last 
seems  to  me  very  improbable,  as  no  glandular  structure  sur- 
rounds these  retia.     There  is  an  incomplete  terminal  form  of 
axial  rete,  which  I  found  enveloping  the  caudal  artery  from  the 
eighth  to  the  eleventh  hsmal  arch.     I  could  not,  in  my  speci- 
men, ascertain  whether  it  was  arterial  or  venous,  but  subse- 
quently I  read  Owen's  description  of  a  similar  arrangement  in 
the  Porpoise,  and  he  describes  it  as  arterial'    In  the  Museum  of 
the  Boyal  College  of  Surgeons,  Professor  Flower  showed  me  a 
section  of  the  same  artery  of  a  whale  with  a  similar  rete.     It  is 
difficult  to  suggest  the  probable  function  of  this  rete.     It  may 
have  to  do  with  the  nutrition  of  the  caudal  muscles,  or  with  the 
avoidance  of  compression  of  the  arterial  trunk  during  the  move- 
ments of  this  part  of  the  tail;  for  it  seems  to  occupy  what 
would  appear  to  be  the  most  movable  part  of  the  tail 

The  "  bilateral "  rete  is  found,  as  far  as  I  know,  only  in  the 
Cetacea,  and  has  relation  evidently  to  the  power  these  verte- 

1  See  Breschet's  Monogram  as  cited  above,  chap.  6,  sects.  34,  35,  pp.  30-34 ; 
also  his  notes  and  quotations. 

2  Breschet*s  Mono^ipiim,  pp.  30,  31. 

3  Loe  cit.  p.  547. 
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brates  possess  of  diving  into  deep  water,  and  remaining  below 
the  surface  for  so  long  a  time  without  the  need  of  respiring. 
Breschet  in  his  monogram  has  entered  very  fully  into  this 
question.  He  acknowledges  this  form  of  rete  to  act  as  a  diverti- 
culum, but  he  iat  the  same  time  asserts  it  to  be  a  diverticulum 
not  to  annul  pressure, — ^not  to  serve  as  a  safety-valve, — ^but  to 
store  up  a  large  quantity  of  oxygenated  blood,  which  may  be 
restored  gradually  to  the  circulation  during  the  cessation  of  the 
respiratory  function.^  He  further  points  out  that  the  greatest 
amount  of  healthy  blood  being  required  by  the  caudal  extremity, 
which  is  a  powerful  weapon  both  for  attack  and  defence,  the 
rete  mirabile  is  situated  in  the  thorax,  and  is  connected  with  the 
arterial  trunk  directed  backwards  towards  the  tail  He  pre- 
sumes, also,  the  "  axial"  rete  on  the  common  carotid  of  Batrachia 
to  possess  the  same  function.  I  have  already  pointed  out  that 
the  thoracic  rete  has  a  remarkable  central  position ;  and,  there- 
fore, whatever  its  function,  the  blood  it  contains  flows  rapidly  to 
the  heart,  as  well  as  backwturds  and  forwards  throughout  the 
body.^  Breschet  does  not  deny  that  the  brain  and  spinal  cord 
require  oxygenated  blood,  and  he  points  out  that  the  prolonga- 
tions of  the  rete  into  the  canal,  and  its  extension  along  the  neck 
to  the  base  of  the  cranium  is  to  ensure  that.  But  should  the 
rete,  when  full,  empty  itself,  it  will  at  once  supply  blood  to  the 
encephalon  as  well  as  to  the  spinal  cord.  Breschet  explains  the 
process  of  emptying  the  rete  to  be  effected,  partly  by  the 
resiliency  of  the  constituent  vessels,  and  mainly  by  the  pressure 
exerted  by  the  inflated  lungs  (he  asserting  that  before  plunging 
the  Getacea  always  inflate  their  lungs).^  The  latter,  he  adds, 
also  "  fixes  the  chest  for  the  muscles  to  act  from."  ^  There  is  no 
doubt  that  such  must  be  most  probably  one  of  the  functions  of 
the  thoracic  rete,  but  from  the  central  position  of  the  rete,  and 
owing  to  the  fact  that  other  diving  vertebrates  present  nothing 
analogous  in  structure,  I  am  inclined  to  believe  there  must  be 
certain  conditions  in  which  the  heart,  vessels,  and  nerve  centres 
in  Getacea  are  under  pressure,  which  would  prove  fatal  but  for 
such  a  diverticulum,  though  it  is  difficult  to  conjecture  one.     It 

^  See  Monogram,  the  whole  of  sect.  43  (chap.  8),  especially  pp.  64>71 ;  also 
'*  conclusions  "  immediately  following. 
*  Page  888.  *  hoc.  cU.  chap.  8,  sect.  43,  p.  67.  *  If^id. 
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is  easily  understood  now  why  the  vessels  entering  into  the  for- 
mation of  the  rete  should  be  minute  and  of  equal  calibres,  also 
why  they  should  pass  directly  or  almost  directly  from  large 
trunks.     Once  the  blood  is  in  the  rete  it  is  equivalent  to  being 
out  of  the  circulation.    The  filling  or  emptying  of  such  a  vast 
diverticulum  would  prove  dangerous  in  the  extreme  were  it 
done  suddenly  by  means  of  large  branches,  branches,  for  ex- 
ample, of  the  size  of  the  vasa  maxima.    By  this  means,  how- 
ever, the  blood  pours  in  or  out  as  through  a  fine  sieve.    Then, 
again,  to  fill  such  an  extensive  reservoir  from  vessels  at  some 
distance  from  the  central  trunk  would  be  simply  impossible,  as 
the  great  numbers  of  offsets  needed  would  interfere  with  the 
adequacy  of  the  vessels  to  supply  nutritive  branches.    Besides, 
supposing  oxygenated  blood  to  be  dealt  out  by  this  diverticulimi, 
its  position  is  such  that  the  most  important  parts  of  the  animal 
are  at  once  supplied  with  what  it  needs,  and  supposing  pressure 
to  be  present  to  an  injurious  extent  the  same  parts  will  be  as 
speedily  relieved.    It  seems  also  easily  explained  why  the  small 
vessels  at  their  origins  should  be  much  thicker  than  at  their  en- 
largements.    It  is  very  probably  that  a  comparatively  dense 
coat  of  circular  non-striated  muscle  may  be  present  to  act  as  a 
sphincter,  and  retain  the  blood  in  the  meshwork  once  it  has 
entered.     It  is  difficult  to  divine  a  reason  for  the  puckerings 
in  the  vasa  maxima  and  media.    It  may  perhaps  be  for  the 
purpose  of  strengthening  the  already  attenuated  coats  of  the 
vessels,  as  by  that  means  pressure  is  isolated  to  small  circum- 
scribed areas.    As  the  vasa  minima  were  apparently  filled  in 
foetal  life,  one  would  infer  that  they  were  the  nutrient  vessels 
of  the  rete.    This  supposition  seems  to  me  strengthened  by  the 
fact  that  the  nutrient  muscular  and  osseous  vessels,  passing  from 
the  rete,  bore  characters  similar  to  the  vasa  minima,  and  most 
probably  connected  other  nutrient  vessels  with  the  anastomotic 
areas  of  the  latter.    Thus,  these  vasa  minima  would  have  a 
separate  connection  with  the  systemic  arteries,  sufficient  to 
supply  them  constantly  with  oxygenated  blood,  even  should  the 
vasa   maxima  and  media  be  inactive  and  empty,  at  certain 
times,  which  the  above  would  lead  one  to  infer.    Besides,  there 
seems  to  be  every  probability  that  the  fine  venous  plexus  described 
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at  page  386,  may  return  the  blood  to  the  systemic  veins  after  it 
has  performed  its  nutritive  function. 

The  retia  found  in  connection  with  the  venous  system  are 
even  more  numerous  than  those  found  in  relation  with  the 
arteriaL  There  is  not,  however,  such  a  variety,  and  they  range 
in  form  from  the  simple  network  to  large  and  extensive  lacunar 
arrangements,  the  constituent  vessels  having  very  delicate  walls.^ 
I  conclude  my  remarks  with  a  summary  of  the  vessels  described, 
as  well  as  of  the  terms  I  have  proposed  for  distinguishing,  by 
name,  the  various  forms  of  retia. 

Swmmary, — ^The  thobacic  rbtb  mirabile  is  formed  by  vas- 
cular supplies  from  the  posterior  thoracics  (costal  portion),  as 
well  as  their  intercostal  branches,  and  the  intercostal  branches 
of  the  thoracic  aorta.  It  communicates  directly  towards  the 
abdomen,  with  the  first  lumbars  and  accessory  lumbars  of  the 
abdominal  aorta ;  towards  the  neck  with  the,  ascending  cervical 
of  the  posterior  thoracic  on  the  right  side,  and  of  the  internal 
mammary  on  the  left,  and  through  it,  with  the  anterior  thjrroid 
and  pharyngeal  of  the  external  carotid ;  along  the  spine  with  the 
vessels  of  the  spinal  cord.  Its  constituent  vessels  are  three, 
distinguished  by  their  calibres,  and  termed  vasa  maxima,  vasa 
media,  vasa  minima,  all  continuous  with  each  other. 

The  RBTIA  MIRABILIA  are  arterial  and  venous. 

The  arterial  are  bilateral,  having  two  margins,  each  bounded 
by  the  sources  of  its  vascular  supply ;  cudal,  occurring  in  the 
course  of  any  artery ;  terminal,  constituent  branches  do  not 
reunite ;  complete,  no  continuation,  through  rete,  of  any  part  of 
parent  trunk ;  incomplete,  continuation  of  central  part  of  trunk 
through  substance  of  rete ;  mediate,  constituent  branches  reunit- 
ing and  continuing  parent  trunk  onwards ;  complete,  as  above ; 
%}uxmplete,  do. 

^  Vast  Tenons  pleziues  are  fonnd  in  the  Cetacea,  and  if  one  could  prove  that  the 
rete  has  the  function  of  supplying  oxygenated  blood  during  the  immersion  of  the 
animal,  then  such  a  quasi-lacunary  plexus  would  be  absolutely  necessary  to  store 
up  the  carbonised  blood  until  the  animal  could  again  respire.  Such  plexuses  are 
present,  and  greatly  support  tiiis  supposition  as  to  the  function  of  the  rete. 
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EXPLANATION  OF  PLATES. 

Plate  XXIL 

A.  Hearty  aqriic  arch  and  its  blanches,  of  the  Narwhal  (reduoed 
from  nature) ;  1,  innominate  arteiy ;  2,  right  common  carotid ;  3,  r. 
posterior  thoracic;  4.  cervical  branch  corresponding  with.  '*r.  oer- 
vicalis  ascendens;"  6,  first  group  of  intercostals ;  7,  7,  Ac^  otiia> 
intercostal  groups.  The  whole  of  the  costal  portions  of  the  postedor 
thoracics  are  seen  to  be  clothed  with  minute  branches  which  pass  lo 
the  rete  mirabile.  8,  cervical  portion  of  r.  internal  mammarj  ;  9,  t. 
posterior  (inferior)  thyroids  ;  10,  group  of  muscular  brancheB  to  r^ft 
cervical  muscles;  11,  r.  axillary  artery ;  12,  r.  external  carotid,  llie 
number  also  points  to  the  anterior  (superior)  thyroid  artery.  13,  r. 
internal  carotid ;  14,  14,  &c.  muscular  branch  to  muscles  of  posteiior, 
lateral  and  anterior  aspect  of  neck  ;  15,  r.  pharyngeal  branch  ;  16,  r. 
laryngeal  branch ;  17,  r.  occipital  artery  ;  18,  r.  lingual  arteiy.  Tlie 
accented  figures  refer  to  corresponding  vessels  on  left  side. 

B.  Sketch  illustrating  the  character  of  the  elongated  plesifoirm 
arrangement  generally  presented  by  arterial  branches  when  passiog 
beneath  or  towards  muscles — ^taken  from  a  branch  of  internal  mam- 
mary passing  between  the  pectorals  (laduced). 

C.  Sketch  illustrating  the  manner  in  which  large  arteries  supply 
considerable  offsets  which,  reuniting,  constitute  a  single  trunk — takesL 
from  left  internal  mammary.  1,  left  internal  matnmary ;  2,  left 
ascending  cervical ;  3,  left  axillary  artery. 

Plate  XXIII. 

Diagram  intended  to  show  position  of  rete  to  its  vascular  sources, 
also  relations  of  rete  and  its  sources  to  ribe^  intercostal  spaces,  and  each 
other  (less  than  one-third  natural  size).  The  ribs  are  represented 
partly  by  lines  and  partly  by  dots.  That  portion  dotted  denotes  the 
part  covered  by  the  rete.  The  dotted  lines  external  to  the  ribs  rqne- 
sent  costal  cartilages.  The  thoracic  aorta  is  represented  as  removed. 
The  vessels  in  the  mesial  line  of  the  rete  are  the  intercostal  branches 
of  the  thoracic  aorta.  The  trunks  skirting  the  mass  of  the  rete  on 
each  side  are  the  costal  portions  of  the  "posterior  thoracics."  On  its 
outer  side  are  seen  its  intercostal  groups,  the  first  of  which  on  the  lefi 
side  is  intra-thoracic  12,  Intra-thoracic  portion  of  internal  mammary ; 
13,  its  sternal  branch ;  14,  its  thymic  offset ;  15,  its  anterior  (superior) 
epigastric ;  16,  its  musculo  phrenic. 
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OBSERVATIONS  ON  THE  COEONARY  VEINS  OF  THE 
STOMACH.  By  W.  J.  Walsham,  F.R.C.S.,  Demonstrator 
of  Anatomy  and  of  Operative  Surgery  at  St  Bartholomew's 
Hospital;  Surgeon  to  the  Metropolitan  Free  Hospital  and 
Royal  Hospital  for  Diseases  of  the  Chest.    (Plate  XXIV.) 

Very  meagre  descriptions  of  the  veins  of  the  stomach  are  given 
in  most  of  the  text-books  on  anatomy.  The  descriptions  in  some 
are  confused ;  in  all  they  are  inaccurate  or  incomplete.  The  in- 
accuracy, however,  to  which  I  particularly  wish  to  call  attention 
is  in  the  description  of  the  veins  that  return  the  blood  from  the 
lesser  curvature  of  the  stomach — an  inaccuracy  which  is  found, 
not  only  in  the  text-books  on  anatomy,  but  also  in  the  larger  works 
that  I  have  had  an  opportunity  of  consulting.  Now,  whereas 
there  are  two  veins  running  along  the  lesser  curvature  of  the 
stomach,  and  one  of  them  of  very  considerable  size,  the  works, 
reference  to  which  is  given  below,  agree  in  describing  but  one, 
and  that,  moreover,  is  said  to  be  small.  The  larger  of  the  two 
veins,  which  I  have  always  found  to  be  present,  begins  near  the 
pyloric  end,  and  runs  in  a  direction  from  right  to  left  The 
single  small  vein  of  the  books — variously  called  the  coronary, 
the  gastric,  the  superior  coronary,  and  the  pyloric — is  said  to 
begin  at  the  cardiac  end,  and  to  run  from  left  to  right. 

Thus  in  Quain  ^  we  read :  *'  The  coronary  vein  of  the  stomach  lies 
parallel  with  the  arteiy  of  the  same  name.  Its  size  is  inconsiderable, 
and  its  direction  transverse  from  the  cardiac  to  the  pyloric  end  of  the 
stomach  along  the  small  curvature.  On  reaching  the  latter  point  it 
turns  downwards  and  opens  into  the  trunk  of  the  vena  portse."  The 
vein  taking  this  course  is  figured  in  the  ^*  view  of  the  principal  branches 
of  the  vena  port®"  (fig.  319). 

In  Gray  ^  it  is  said  "  that  the  gastric  is  a  vein  of  small  size,  which 
accompanies  the  gastric  artery  from  left  to  right  along  the  lesser  curva- 
ture of  the  stomach,  and  terminates  in  the  vena  portse."  A  drawing 
(fig.  250)  is  given  of  a  vein  taking  such  a  course.  In  this  diagram  also 
the  right  gastro-epiploic  vein  is  called  the  left  gastro-epiploic,  but  is 
represented  opening  into  the  superior  mesenteric  in  the  normal  manner. 

'  Q^ain*8  Anatomy,  by  Drs  Sharpey,  Thomson,  and  Schafer,  8th  edition,  vol.  i. 
p.  501. 

'  Anatomy f  Descriptive  and  Surgical,  by  Henry  Gray,  8th  edition,  edited  by 
T.  Holmea,  p.  448. 
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ThlB  mistake  is  evidently  one  of  the  engraver's,  as  the  left  vein  is  said 
in  the  text  to  open  into  the  splenic. 

Ellis,  in  the  last  edition  of  his  Demonstrationa  of  Anatomy,^  gives  a 
drawing  from  Henle,  and  remarks :  "  The  superior  coronary  vein,  144/" 
(referring  to  the  drawing)  lies  along  the  upper  border  of  the  stomach. 
It  begins  in  the  oesophagus  and  the  left  part  of  the  stomach,  and  joins 
the  vena  portse  at  the  pylorus," 

In  Holden's  and  in  Heath's  Anatomy  these  veins  are  not  mentioned. 

In  Turner's  introduction  to  Human  Anatomy  ^  there  is  a  diagiti-m 
of  the  portal  venous  system,  in  which  a  vein  is  depicted  as  running 
along  the  lesser  curvature  of  the  stomach  from  left  to  right,  and 
gradually  increasing  in  size  as  it  approaches  the  pylorus,  where  it  is 
represented  as  opening  into  the  portal  trunk.  The  right  gastroepiploic 
vein  is  also  delineated  as  openingi  nto  the  trunk  of  the  portal  just 
above  the  union  of  the  superior  mesenteric  and  splenic  veins.  In 
the  text  it  is  stated  that  '*The  coronary  vein  runs  along  the  small 
curvature  of  the  stomach,  and  joins  the  portal  venous  trunk  near  its 
origin," 

In  the  Cyclopedia  of  Anatomy  and  Physiology  *  no  further  account 
is  found  than  that  "  the  gastric  veins,  of  which  the  coronary  is  the 
most  considerable,  end  in  the  splenic." 

The  iuaccuracy  in  the  description  of  these  veins  is  not  confined  to 
the  English  works  on  anatomy ;  it  is  also  to  Jbe  found  in  the  French 
and  German.  Thus  in  Hyrtl  ^  we  read :  "  The  vena  gastrica  superior 
runs  in  the  lesser  curvature  from  left  to  right  into  the  trunk  of  the 
vena  portss,  and  receives  the  blood  from  the  upper  stomach  walls  from 
the  cfiirdia  to  the  pylorus,  and  from  the  superior  transverse  portion  of 
the  duodenum." 

Krause^  says:  "The  vena  coronara  ventriculi  runs  from  left  to 
right  on  the  lesser  curvature  of  the  stomach  and  behind  the  superior 
horizontal  part  of  the  duodenum.  It  receives  the  veins  from  the 
cardia,  and  communicates  by  small  oesophageal  veins  with  the  vena 
azygos  and  vena  hemiazygos.  It  further  receives  veins  from  the  upper 
part  of  the  stomach  walls  and  from  the  above-mentioned  portion  of  the 
duodenum." 

CruveiJhier^  and  Sappey^  do  not  describe  the  course  of  the  veins  of 
the  stomach,  but  content  themselves  with  saying  that  they  follow  the 
course  of  the  corresponding  arteries. 

Beaunis  and  Bouchard  ^  do  not  refer  to  the  veins  of  the  stomach 

^  Dem/nutrations  of  Anatomy,  by  George  Viner  Ellis,  8th  editiooi  1878,  p.  488. 
'  An  Introduction  to  Human  Anatomy,  mcluding  the  Anatomy  of  the  Tissues, 
by  William  Turner,  p.  623. 

*  Cyclopedia  of  Anatomy  and  Physiology^  edited  by  Robert  B.  Todd,  1849-52. 

*  Lehrbueh  der  Anatomic  des  Aienschen,  von  Joseph  Hyrtl,  11th  edition,  1870, 
p.  955. 

'  Handhuch  der  Menschlic?ien  AnatomiCy  von  Krnuse,  vol.  ii.  1879. 

*  Traits  d*anatomie  deacriptivCy  par  Jean  Cruveilhier,  1871,  vol.  iii.  p.  237. 
'  TraiU  d'anatomie  descriptive,  par  Sappey,  1879,  vol.  ii.  p.  734. 

*  Nouveaux  EUmeiUs  Anatomiqncs DeacriptivcSy  par  H.  Beaunif  et  A.  Bouchard. 
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separately ;  but  in  their  brief  account  of  the  splenic  vein,  say,  "  The 
coronary  vein  of  the  stomach  often  opens  into  it^  but  at  other  times 
enters  into  the  portal  vein."  In  describing  the  portal  vein  they  say, 
"  It  receives  in  its  course  the  pyloric  vein,  and  higher  up  the  cystic 
vein;"  but  they  do  not  here  mention  the  coronary  vein  as  opening 
into  it 

I  have  for  some  years  been  accustomed  to  teach  and  demon- 
strate an  arrangement  of  these  veins  different  from  that  in  the 
works  just  quoted  It  was  not  until  one  of  my  pupils  pointed 
out  to  me  last  session  that  my  teaching  did  not  correspond  with 
the  account  in  his  text-book,  that  I  became  aware  how  generally 
this  inaccuracy  in  the  description  of  the  coronary  veins  had 
crept  into  the  works  on  anatomy.  Since  my  attention  was 
drawn  to  the  subject  I  have  made  a  point  of  looking  at  these 
parts  in  each  body  that  has  come  into  the  dissecting  rooms ; 
and  I  have  in  six  or  eight  instances  injected  the  portal  system  of 
veins  with  wax  and  had  it  carefully  dissected.  The  arrangement 
invariably  found  was  that  which  I  have  been  accustomed  to  teach, 
and  which  is  shown  in  the  accompanying  drawing  made  for  me 
by  Mr  Godard  from  the  dissected  part.  In  all  instances  there 
were  two  veins  along  the  lesser  curvature,  a  larger  one,  running 
from  right  to  left,  from  the  pyloric  towards  the  cardiac  end  and 
roughjfcorreeponding  in  ition  to  the  gastric  arteiy.  and  a 
smaller  one  proceeding  from  left  to  right  towards  the  pylorus 
in  relation  with  the  pyloric  artery  (Plate  XXIV.).  This  latter  is 
apparently  the  vein  which  is  described  in  the  works  quoted  as  the 
coronary,  gastric  vein,  &c.  The  larger  vein,  which  from  its  posi- 
tion is  more  difScult  to  dissect,  seems  to  have  been  overlooked ;  it 
seldom,  as  far  as  my  observation  goes,  contains  any  blood,  and 
is  generally  cut  away  by  the  student  without  having  been  seen 
unless  his  attention  is  specially  drawn  to  it  It  usually  begins 
in  three  or  four  large  branches  near  the  pylorus,  one  of  which 
anastomoses  with  the  pyloric  vein ;  it  then  runs  from  right  to 
left  along  the  lesser  curvature,  receiving  in  its  course  branches 
from*  the  anterior  and  posterior  surfaces  of  the  stomach ;  and 
about  an  inch  to  an  inch  and  a  half  from  the  oesophagus  it 
leaves  the  lesser  curvature,  winds  backwards,  downwards,  and 
to  the  right  between  the  layers  of  the  lesser  omentum  at  some 
distance  from  the  upper  curve  of  the  stomach,  following  somewhat 
the  course  of  the  gastric  artery,  and  terminates,  after  passing 
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over  the  splenic  artery,  in  the  portal  vein.  When  moderately 
distended  with  injection  it  measures  about  an  eighth  of  an  inch  in 
diameter.  At  the  spot  where  it  changes  its  direction  it  receives 
several  large  branches  from  the  cardiac  end  of  the  stomach,  and 
a  few  smaller  ones  from  the  oesophagus.  It  is  also  joined  in 
its  course  through  the  lesser  omentum  by  one  or  two  venules 
from  the  peritoneum.  When  the  injection  has  been  successful, 
a  few  small  veins  may  be  seen  to  emerge  from  the  substance  of 
the  liver,  to  cross  the  coronary  vein  where  it  lies  between  the 
layers  of  the  lesser  omentum,  and  to  join  the  same  vein  before  it 
leaves  the  lesser  curvature  of  the  stomach. 

The  pyloric  vein,  i.e.,  the  smaller  of  the  two  veins  of  the  lesser 
curve,  is  of  inconsiderable  size,  and  appears  to  be  the  one 
described  in  the  books  under  the  various  names  of  coronary, 
gastric,  &c.  It  runs  from  left  to  right  along  the  pyloric  end  of 
the  lesser  curvature,  receives  veins  from  the  pylorus  and 
duodenum,  and  terminates  in  the  portal  trunk  below  the  open- 
ing of  the  coronary  vein.  In  place  of  a  single  vein  in  this 
situation  I  have  frequently  observed  several  small  ones,  which 
open  into  the  portal  trunk  either  separately  or  else  after  con- 
verging into  a  very  short  single  stem. 

The  veins  along  the  greater  curvature  of  the  stomach  are 
generally  fairly  accurately  described.  They  correspond  in  their 
general  direction  to  the  arteries  which  they  accompany.  The 
right  gastro-epiploic  terminates  in  the  superior  mesenteric.  It 
receives  large  branches  from  the  anterior  and  posterior  surfaces 
of  the  stomach  and  from  the  epiploon.  The  left  gastro-epiploic 
terminates  in  the  splenic  about  three-quarters  of  an  inch  after 
the  union  of  the  main  branches  of  the  latter;  it  receives  tribu- 
taries from  the  anterior  and  posterior  walls  of  the  stomach  and 
epiploon,  and  just  before  its  entrance  into  the  splenic  vein  a 
large  branch  from  the  greater  end  of  the  stomach.  In  size  these 
two — right  and  left  epiploic  veins — ^bear  an  inverse  proportion 
to  one  another :  when  one  is  large  the  other  is  small,  and  vice 
versa.  The  rest  of  the  blood  from  the  upper  part  of  the  cardiac 
end,  and  from  the  lower  part  of  the  oesophagus,  is  generally 
returned  by  two  or  three  large  veins,  which  open  usually  by  a 
common  trunk  into  one  of  the  upper  main  radicals  of  the  splenic 
vein. 
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Although  I  have  not  found  an  accurate  description  of  the 
coronaiy  veins  in  any  of  the  works  I  have  had  an  opportunity 
of  consulting,  I  do  not  doubt  but  that  they  have  often  been 
correctly  observed  and  described.  Without  laying  any  chiim, 
therefore,  to  having  been  the  first  to  point  out  their  normal 
arrangement,  I  venture  to  send  these  observations  to  the  Journal 
of  Anjotomy  and  Physiologyy  not  because  they  are  of  any  practical 
importance,  but  because  it  seemed  to  me,  as  a  teacher  of  anatomy, 
worth  while  to  call  attention  to  an  inaccuracy  which  appears  to 
be  general 


Explanation  of  Plate  XXIV. 

1.  Coronary  vein.     2.  Pyloric  vein.     3.  Eight  gastro -epiploic  vein. 
4.  Left  gastro-epiploic  vein.     5.  Portal  vein. 


Note  on  Mr  WdUharrCs  Observations  on  the  Coronary  Veins  of  the 
Stomach,    By  Professor  Turner,  M.B,,  F.RS. 

Siuce  receiving  for  publication  Mr  Walsham's  paper,  I  have 
examined,  with  especial  reference  to  the  question  raised  by  him, 
a  subject  in  which  I  had  injected  the  portal  system  of  veins. 
In  this  specimen  the  coronary  vein  was  of  considerable  size  and 
corresponded  generally  in  position  with  the  arteria  coronaria 
ventriculi.  It  commenced  a  little  to  the  left  of  the  pyloric  end 
of  the  lesser  curvature,  and  extended  along  thii^i  curvature  to  the 
region  of  the  oesophageal  opening,  when  it  inclined  to  the  right 
for  about  two  inches  and  joined  the  portal  venous  trunk.  In  its 
course  it  received  veins  from  both  the  anterior  and  posterior 
walls  of  the  stomach,  and  just  before  it  left  the  lesser  curvature 
a  large  vein  from  the  anterior  wall  of  the  cardiac  end  of  the 
stomach,  the  course  of  which  was  from  left  to  right. 

A  much  smaller  vein  was  in  relation  to  the  pyloric  artery  at 
the  pyloric  end  of  the  lesser  curvature.  It  freely  communicated 
with  one  of  the  rootlets  of  the  coronary  vein ;  but,  instead  of 
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opening  into  the  portal  venous  tnmk  near  the  opening  of  the 
coronary  vein,  it  passed  independently  ahnost  parallel,  and  im- 
mediately to  the  right  of  the  portal  venous  trunk,  to  enter  the 
substance  of  the  liver  at  the  transverse  fissure.  With  the  ex- 
ception of  the  mode  of  termination  of  the  pyloric  vein,  which  is 
without  doubt  an  individual  peculiarity,  this  dissection  confirms 
Mr  Walsham's  description  of  the  course  of  the  veins  of  the  lesser 
curvature  of  the  stomach. 

As  regards  the  mode  of  describing  the  veins  of  the  curvatures 
of  the  stomach,  I  would,  however,  suggest  that  it  is  better  to 
avoid  the  expressions  from  left  to  right  and  from  right  to  left, 
inasmuch  as  the  curvatures  can  not  be  regarded  as  transverse  in 
direction,  but  as  approaching  in  at  least  a  large  part  of  their 
extent  to  the  vertical  plane.  As  has  been  pointed  out,  both 
by  Luschka  and  myself,  the  stomach  lies  ''for  the  most  part 
vertically  in  the  left  hypochondrium,  so  that  the  fundus  is  the 
uppermost  part  of  the  organ  ;  whilst  the  pylorus,  which  curves 
to  the  right  into  the  epigastrium,  forms  its  lower  extremity." 


THE  CCr'^'! 

SOCIETY  p:^ 

rv^Fn!Cy\L 

ON  A  COMMUNICATION  BETWEEN  THE  AIR- 
BLADDER  AND  THE  CLOACA  IN  THE  HERRING. 
By  F.  W.  Bennett  (Jrom  the  Zoological  Laboratory,  Owens 
College,  Manchester). 

The  common  Herring  possesses  an  extremely  long  air-bladder. 
It  stretches  forwards  to  the  head,  and  its  anterior  termination 
is  near  the  labyrinth  of  the  auditory  organs.  About  the  middle 
of  its  length  it  is  connected  by  a  duct  with  the  stomach.  The 
stomach  {s)  is  capacious  and  elongated ;  the  commencement  of 
the  mid-gut  is  near  the  gullet ;  however,  the  stomach  is  not  a 
simple  cul'de-sac,  but  becomes  continuous  posteriorly  with  the 
ductus  pneumaticus  (p). 

But  there  exists  another  communication  between  the  bladder 
and  the  exterior,  which  seems  not  to  have  been  noticed  else- 
where. Although  the  herring  is  so  common,  observers  seem 
quite  to  have  overlooked  the  existence  in  it  of  a  communication 
between  the  air-bladder  and  the  cloaca. 

Stannius^  gives  a  full  description  of  the  various  modifications 
of  the  air-bladder  in  fishes ;  indeed,  he  refers  several  times  to  the 
herring,  but  fails  to  mention  this  connection.  In  Professor 
Owens'  Anatomy  of  the  Vertebrata,*  and  in  Gegenbaur's  Com- 
parative Anatomy?  figures  of  the  herring  are  given,  copied  from 
Brandt  and  Ratzeburg's  Medizinische  Zoologie,  1833.  In  these 
figures  the  bladder  is  represented  as  running  backwards  towards 
the  cloaca,  but  the  dissection  from  which  the  figures  were  taken 
was  not  carried  far  enough  back  to  show  the  connection  between 
the  two. 

This  communication  can  readily  be  seen  if  the  left  side  of  the 
fish  be  carefully  removed  as  is  represented  in  the  woodcut 

The  arrangement  here  shown  is  the  normal  one,  and  existed  in 
all  of  twenty-five  specimens  examined.  Till  within  one-half  inch 
of  the  cloaca,  the  air-bladder  (e)  retains  its  beautiful  silvery 
appearance ;  this  suddenly  ceases,  and  the  remainder  is  muscular, 
so  that  it  is  only  with  difficulty  that  it  can  be  distinguished  from 
the  surrounding  structures. 

'  Handbuck  der  Zooto7me,  by  Siebold  and  Stannius,  2d  edition,  p.  220. 
*  Vol.  i.  p.  421.  »  P.  610.     English  translation. 
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anterior  brancheB  of  the  sacral  nerves  were  seen  to  be  arranged 
in  the  usual  uianner.  The  nerve  of  supply  for  the  curvator 
coccygis  was  givea  off  from  the  deacendiog  branch  of  the  fourth 
as  the  latter  passed  down  to  communicate  with  the  fifth  sacral 
nerve.  The  muscular  nerve  was  traced  downward  between  the 
curvator  coccygis  in  front  and  the  levator  ani  behind,  and  ter- 
minated by  breaking  up  into  a  number  of  small  fibrils  which 
entered  the  former. 

The  ischio-coccygeus  muscle  of  each  side  was  developed  to  u 
greater  extent  than  usual.  Its  origin  was  not  confined  to  the 
ischial  spine,  but  extended  upwards  as  high  as  the  brim  of  the 


pelvis,  the  additional  fibres  taking  attachment  to  the  pelvic  fascia 
covering  the  obturator  internus  muscle.  None  of  the  fibres  of  the 
ischio-coccygeus  were  inserted  into  the  coccyx,  bat  passed  exclu- 
sively to  the  anterior  surface  of  the  lateral  mass  of  the  sacrum 
extending  from  the  fourth  sacral  foramen  downward  to  the  sacro- 
coccygeal articulation.  The  levatorea  aoi,  on  the  other  hand, 
had  a  mote  extensive  insertion  than  usual  into  the  coccygeal 
vertebrae,  being  attached  to  the  whole  length  of  this  segment  of 
the  vertebral  column.  Otherwise,  these  muscles  did  not  present 
any  deviation  from  the  usual  arrangemenL  The  sphincter  ani 
externus  was  attached  in  the  usual  uianner  to  the  tip  of  the 
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coccyx,  but  none  of  its  fibres  were  continuous  with  those  of  the 
curvatores  coccygis. 

With  regard  to  the  action  of  the  curvatores,  it  is  evident  that, 
contracting  simultaneously,  they  would  in  the  first  place  flex 
the  coccyx  upon  the  sacrum,  and  in  the  second  they  would  flex 
the  coccygeal  bones  upon  one  another.  In  carrying  out  these 
actions  the  muscles  would  co-operate  with  those  fibres  of  the 
levatores  ani  which  were  inserted  into  the  coccyx.  In  a  subject 
in  which  the  ischio-coccygei  muscles  have  their  usual  insertion, 
the  curvatores  would  co-operate  with  them  rather  than  with  the 
levatores  ani. 

The  curvatores  coccygis  of  the  human  subject  are  the  repre- 
sentatives in  man  of  the  sacro-coccygei  inferiores  or  depressores 
caudle  of  the  lower  Tnammals.  Among  the  latter  these  muscles 
are  all  but  constantly  present,  and  in  those  of  them  in  which  the 
tail  is  largely  developed,  and  more  especially  in  those  in  which 
that  organ  ia  functionally  of  use  as  a  prehensile  organ,  as  in  the 
genera  Atdes  and  Cebus,  the  muscles  attain  to  a  large  size.  In 
the  anthropoid  apes,  on  the  other  hand,  in  which  the  tail  is 
reduced  to  a  minimum,  these  muscles,  according  to  Huxley,^ — ^and 
his  observations  I  can  corroborate  in  respect  of  the  chimpanzee 
{Troglodytes  niger), — are  entirely  absent.  This  also  is  normally 
the  case  in  the  human  subject 

I  have  remarked  that  these  muscles  are^  normally  absent  in 
the  human  subject,  and  this  leads  to  a  consideration  of  the 
statements  of  various  anatomists  with  regard  to  this  point  The 
earliest,  and  indeed  the  only  definite  observation  vnth  regard  to 
the  frequency  of  tl^eir  occurrence  in  man  which  I  have  been 
able  to  find,  occurs  in  the  writings  of  Albinus^  (1734).  He 
says:  "Fuerunt,  quibus  ab  utroque  latere  musculus  parvus, 
oblongus,  angustus,  tenuis,  majorem  partem  tendineus,  gemino 
capite  incipiebat,  altero  ab  interiore  et  eadem  inferiore  et  laterali 
parte  corporis  imi  ossis  sacri ;  altero,  quod  in  alio  bifidum,  ab 
interiore  eademque  laterali  coccygis  primi ;  descendensque,  tribus 
extremis  definebat  ad  eandem  partem  coccygis  ossiculi  secundi, 
tertii,  quarti,  prsecipue  quarti,  extreme  insigniore,  tendineo,  quo 
dexter  cum  sinistro  conjunctus  erat.    Curvatorem  appelare  libuit 

^  Med,  Times  and  OazeUe,  1864,  vol  ii  p.  40. 
'  Hisiorice  Muscularwn,  p.  336. 
VOL.  XIV.  2  P 
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quoniam  coccygem  curvat :  corvat  autem  in  priora.  Iwoeni 
eum  in  tribus :  in  alio  imperf ectionem  et  degenerantem ;  in  aliis 
non  musculo,  sed  ligamento  simile."  From  this  it  would  appear, 
although  his  meaning  is  somewhat  obscure,  that  Albinus  had 
found  the  muscles  to  be  well  developed  in  three  subjects, 
whilst  in  others  they  were  replaced  by  ligamentous  or  ten- 
dinous fibres.  He  gives  no  reference  to  the  writings  of  any 
previous  anatomist  who  had  described  the  muscles  under 
consideration;  and  inasmuch  as  he  never  fails  to  do  so  in 
respect  of  other  muscles  referred  to  by  his  predecessors,  we 
may,  I  think,  conclude  that  Albinus  was  the  first  to  observe 
and  describe  the  curvatores  coccygis  of  the  human  subject. 
Strange  to  say,  they  are  not  figured  in  the  Tabula  mvsculorum 
of  Albinus. 

Sandifort^  (1783)  merely  repeats  verbatim  the  observations  of 
Albinus. 

Sommerring^  (1794),  describing  the  curvatores  coccygis,  says : 
**  Ab  interna,  inf eriore  et  laterali  parte  corporis  imi  ossis  sacri,  et 
ab  interna,  et  laterali  parte  ossis  primi  coccygis  ortus,  oblongus, 
exilis,  tenuis,  plurimam  partem  tendineus  descendit,  at  tribus 
caudis  parti  laterali  secundi,  tertii,  prsesertim  verro  quarti  ossis 
coccygis,  dextro  musculo  et  sinistro  inter  se  ibi  conjunctis, 
inseratur."  This  is  evidently  a  revised  edition  of  the  observa- 
tions above  quoted  from  Albinus. 

Meckel '  says :  "  Die  curvatores  coccygis  sind  ungewohnliche, 
kleine,  moistens  wo  sie  vorhanden  sind,  auf  beiden  seiten  vor- 
kommende,  laugUche,  dlinne,  groszentheils  sehnige  Btindel,  welche 
von  der  vordem  Flache  des  letzten  Heiligbeinwirbels  imd  des 
ersten  Steiszbeinwirbels  entspringen  und  sich  mit  mehrem 
Zipfeln  an  die  vordere  Flache  der  imtem  Steiszbeine  heften,  wo 
der  rechte  und  linke  gewohnlich  zusammenfliessen."  From  this 
quotation  it  wiU  be  seen  that  Meckel  talks  of  the  presence  of  the 
curvatores  coccygis  as  unusucd  in  the  human  subject.  At  the 
same  time,  he  does  not,  more  than  the  authors  above  men- 
tioned, give  any  exact  account,  based  on  his  own  observations,  of 
the  frequency  of  occurrence  of  these  muscles  in  man,  and  for 

'  ExtrcUatvmes  Academiea,  Lug.  Batay.  lib.  i.  p.  89. 

'  De  Corporis  Humani  Fabriea,  torn.  ii.  p.  212. 

'  Ilandbuch  der  MenscfUichen  AruUomiet  Band  ii.  p.  478. 
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aught  contamed  in  the  text  to  the  contrary,  his  remark^  may 
well  have  been  borrowed  from  Albinns. 

Gloquet^  (1822),  when  describing  the  ischio-coccygeus  muscle, 
remarks :  "  SaiwerU  il  revolt  de  la  partie  inf ^rieure  du  sacrum  un 
petit  trousseau  (M.  ourvcUar  coccygis^  Somm.)  mince,  grile, 
descendant  sur  le  milieu  du  coccyx,  et  s'unissant  aux  deux 
muscles  de  droite  et  de  gauche  k  la  fois."  From  the  words 
employed  in  describing  the  muscles,  as  well  as  from  the  refer- 
ence, it  would  appear  that  Cloquet  had  borrowed  his  description 
from  Sommerring.  At  the  same  time  it  is  to  be  observed  that, 
according  to  Cloquet,  the  curvatores  are  frequently  (iowoeifU) 
found  in  the  human  subject>-a  statement  for  which  Sommer- 
ring is  Tiot  responsible. 

Giinther  *  (1844)  appears  to  have  himself  observed  the  muscles 
in  question,  seeing  that  they  are  twice  figured  in  his  Atlas  and 
*^  TMch  der  Natv/r  gegeichn^t"  He  does  not,  however,  make  any 
remark  with  regard  to  their  frequency  of  occurrence.  In  fact, 
he  appears  to  regard  them  as  normally  present 

Von  Behr*  (1846)  likewise  describes  them  as  if  they  were 
constantly  present  in  the  human  subject. 

Theile*  (1844)  refers  tp  the  plates  of  Giinther,  whilst  Cruveil- 
hier*^  (1852)  contents  himself  with  a  reference  to  Sonmierring. 
Neither  Henle*  nor  Sappey/  in  their  standard  text-books,  make 
any  mention  of  the  curvatores  coccygis  as  occurring  in  man. 

Macalister^  (1875),  judging  from  his  catalogue  of  muscular 
variations,  does  not  himself  appear  to  have  met  with  these 
muscles,  but  refers  to  the  descriptions  of  Morgagni,®  Sandifort, 
and  Von  Behr.  Morgagni,  however,  does  not  describe  them,  and 
the  observations  of  the  other  authors  have  been  alreetdy  quoted. 

If  now  we  analyse  these  various  statements,  we  find  that 
Sandifort,  Sommerring,  Meckel,  and  Cloquet  have  all  derived 
their  information  directly  or  indirectly  from  Albinus,  and  that 

^  TraiU  iTcmcUomie  descriptive,  vol.  i.  p.  462. 

'  Chirurgiache  Anatomie,  tab.  34,  L  6  ;  tab.  31,  iiL  6. 

'  Handbook  of  Human  Anatomy,  translated  by  Birkett 

^  Encydopedie  Anatomiqtie,  torn.  iiL  p.  860. 

'  TraiU  d^anatomie,  torn.  iiL  p.  666. 

'  Handbuch  der  Anatonue. 

^  Traits  d* anatomie  descriptive. 

*  Trans.  Roy.  Irish  Acad.  voL  xxv. 

'  Adversaria  Anat.  iii. ;  Animadversio,  xlv.  p.  94. 
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neither  of  them  gives  any  definite  statement  regarding  the  fre- 
quency of  occurrence  of  the  curvatores  coccygis  muscles  in  man. 
The  other  authors  quoted,  with  the  exception  of  Henle  and 
Sappey,  express  themselves  as  if  these  muscles  were  normally 
present  in  the  human  subject  Inasmuch,  however,  as  each  of 
these  anatomists,  with  the  exception  of  Gtinther,  appears  to  have 
repeated  the  observations  of  one  or  other  of  his  predecessors,  and 
as  nqne  of  the  recent  writers  on  muscular  variations  have  ob- 
served these  muscles,  it  seems  to  me  that  so  far  from  being  nor- 
mally present  in  the  human  subject,  they  are  of  extremely  rare 
occurrence.  In  the  course  of  my  own  dissecting-room  experi- 
ence, now  extending  to  the  dissection  of  close  upon  one  thousand 
subjects,  I  have  never  met  with  them  but  in  the  one  instance 
above  described.  This  opinion  regarding  the  rarity  of  occurrence 
of  these  muscles  is  farther  corroborated  by  the  fact  above  stated, 
that  in  the  classical  work  of  Henle  the  existence  of  these  muscles 
in  the  human  subject  is  entirely  ignored. 

The  normal  absence  of  these  muscles  in  the  human  subject,  as 
well  as  in  the  highest  apes,  together  with  their  all  but  constant 
appearance  in  the  lower  mammals,  is  a  fact  of  much  interest  in 
these  days  of  evolutional  hypotheses. 


A. 


SCCiETY  P:  -1 


I 


VALVULAE  ILEMATOMA.    By  George  A.  Gibson, 
M.B.,  D.Sc.  Edin.    (Plate  XXV.) 

On  removiBg  the  right  auricle  of  a  sheep's  heart  lately,  I 
observed  a  smaU  tumour  upon  the  auricular  surface  of  the  in- 
ferior tricuspid  valve,  very  near  its  attachment  to  the  muscular 
wall  of  the  heart  The  tumour  was  oval  in  outline,  and 
measured  4  lines  in  length  and  2^  in  breadth ;  it  was  of  a  deep 
purple  colour,  with  a  smooth  and  glistening  surface,  the  endo- 
cardium everywhere  being  perfectly  healthy. 

None  of  the  works  on  pathological  anatomy  supply  any  key 
to  the  nature  of  the  tumour.  It  bore  no  resemblance  to  the 
so-called  valvular  aneurism,  nor  could  it  be  compared  to  infil- 
tration by  inflammatory  products,  for  in  the  one  case  there 
would  have  been  the  fringed  aperture,  and  in  the  other  the 
villous  character  of  the  covering  endocardium.  It  appeared  to 
me  that  it  was  most  probably  an  extravasation  of  blood  within 
the  valve  substance,  arising  from  one  of  the  minute  arterial 
twigs  which  supply  the  valve,  a  condition  which  must  be 
extremely  rare,  ajs  I  can  find  no  reference  to  it. 

After  hardening,  the  valve  and  tumour  were  cut  in  the 
freezing  microtome,  and  the  sections,  which  were  stained  with 
picro-carmine,  were  mounted  in  Farrant's  solution.  These  sec- 
tions  (shown  on  Plate  XXV.)  prove  that  the  tumour  has  had 
its  origin  in  an  extravasation  of  blood. 

With  a  low  power  the  endothelial  covering,  aa\  fig.  1,  deeply 
stained  with  the  colouring  solution,  is  seen  to  be  perfectly 
intact  over  the  whole  valve.  The  fibrous  tissue  composing  the 
valve,  h,  faintly  stained  by  the  picro-carmine  solution,  is  in- 
vaded by  a  yellow  mass  of  finely  granular  material,  which  has 
evidently  assumed  its  position  gradually,  as  the  surrounding 
fibrous  tissue  has  been  separated  without  tearing.  This  mass 
of  granular  matter  is  of  a  straw-colour  towards  its  periphery,  c, 
andTecomes  yeUowish-brown  in  the  central  portion,  C;  it  i^ 
everywhere  unstained,  and  by  shrinking  has  produced  spaces 
both  within  its  own  substance,  d\  and  around  it,  d.  Around 
almost  the  entire  circumference  of  the -granular  matter  are 
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bands  and  processes,  consisting  of  delicate  fibrils,  stained  to  the 
same  depth  as  the  proper  tissue  of  the  valve.  They  spring  from 
the  valve  tissue  and  penetrate  even  to  the  central  portion  of  the 
tumour.  In  fig.  1  they  are  seen  at  e,  springing  from  the  sub- 
stance of  the  valve,  at  e'  surrounding  the  granular  mass,  and  at 
e''  ramifying  in  its  internal  part. 

With  a  higher  power  the  tumour  is  seen  to  be  composed  in- 
ternally of  broken-down  blood  corpuscles,  and,  towards  the  peri- 
phery, of  the  same  elements  in  the  form  of  a  finely  granular 
debris.  Around  the  circumference  it  is  infiltrated  with  cells 
and  traversed  by  bundles  of  delicate  fibrillae  in  the  neighbour- 
hood of  the  larger  bands  and  processes  observed  with  the  low 
power.  The  part  shown  in  fig.  2  is  from  the  junction  of  the 
tumour  and  the  valve  tissue.  The  connective  tissue  of  the 
valve,  h,  containing  fusiform  cells  arranged  longitudinally,  is 
bordered  by  a  finely  fibrillated  band,  e,  from  which  processes 
run  out  to  ramify  along  with  others,  e'  and  e".  These  bundles 
and  processes  divide  the  peripheral  part  of  the  tumour  into 
apparent  compartments  differing  in  constitution. 

At  c  the  tumour  tissue  has  become  fibrillated  and  infiltrated 
with  cells  arranged  in  lines  parallel  to  the  bounding  bundles  of 
fibrils.  The  irregularly  quadrangular  space,  c',  immediately 
below,  also  contains  many  cells  and  fibrils  arranged  in  the  same 
manner  as  above,  but  in  less  proportion  to  the  granular  matter, 
and  in  both  of  these  spaces  the  formed  elements  have  been 
stained  by  the  colouring  matter  so  as  to  have  a  pink  tinge  run- 
ning through  the  yellow  tint  The  space  </'  is  almost  entirely 
granular,  only  a  few  cells  being  present,  and  the  space  (^"  is 
absolutely  free  from  the  invasion  of  any  cells  or  fibrillse. 

At  /  an  artery  of  small  size  is  seen  in  transverse  section. 
Whether  it  may  have  been  the  source  of  the  extravasation  can- 
not be  determined  from  any  of  the  sections  preserved. 

In  this  tumour  we  have  a  beautiful  example  of  the  changes 
which  occur  in  a  blood-clot  under  favourable  conditions.  Shut 
off  from  all  extraneous  influence,  the  process  of  change  has  been 
permitted  to  advance  without  any  interruption,  so  that  we  can 
trace  the  different  stages. 

The  transformation  of  the  effused  blood  corpuscles  into 
amorphous  material,  accompanied  by  coincident  decolorisation. 
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proceeds  from  circumference  tx>wards  centre.  Along  with  this 
change  there  is  permeation  of  the  peripheral  zone  by  connec- 
tive-tissue cells  and  invasion  by  fascicules  of  growing  white 
fibrous  tissue,  attended  by  absorption  of  the  granular  debris. 
Nearest  the  proper  tissue  of  the  valve  the  tumour  is  almost 
entirely  built  up  of  connective  tissue  which  has  replaced  the 
absorbed  amorphous  elements.  A  somewhat  longer  term  of 
existence  would  have  allowed  the  fascicules  to  pervade  the 
central  area,  as  yet  not  quite  within  reach  of  their  influence, 
and  in  a  short  time  the  tumour  would  have  terminated  in  a 
fibrous  neoplasm  contracted  to  a  much  smaller  size. 

I  place  this  observation  on  record  as  being  of  interest  on 
account  of  its  bearings  upon  cardiac  pathology,  and  wish  in 
conclusion  to  offer  my  thanks  to  my  friend  and  former  teacher, 
Dr  D.  J.  Hamilton,  for  his  kindness  in  permitting  me  to  make 
use  of  his  laboratoiy. 


Explanation  of  Plate  XXV. 

Fig.  1  ( X  65).  a  a\  endothelial  layer,  and  &,  fibrous  tissue  of  the 
valve;  ce\  amorphous  debris;  de?',  spaces  left  by  contraction; 
e  e*  e'\  fibrous  fascicules. 

Fig.  2  (  X  300).  hj  proper  valve  tissue ;  c,  amorphous  material  trans- 
formed into  connective  tissue ;  c\  the  same  undergoing  the  process ; 
c'\  the  same  just  at  the  coimnencement  of  the  change ;  c"\  the  same  as 
yet  unchanged ;  d  d\  spaces  left  by  contraction  ]  e  e'  e'\  fibrillsB  rami- 
fying in  the  granular  matter;  /,  an  artery  in  section. 
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A  CONTRIBUTION  TO  THE  PATHOLOGY  OF  MACBO- 
GL0S8IA  AND  HYGROMA.  By  Robert  Maguibk, 
StudeTvt  of  Medicine  in,  the  Owens  College,  Manchester, 
(Plate  XXVI.) 

In  a  veiy  able  paper  on  Lymphangeiomata  {Langenbedis  Archiv. 
voL  xz.  p.  641),  Wegner  divides  these  tumours  into  three 
classes — simple,  cavernous,  and  cystic.  The  simple  lymphan- 
geioma  consists  chiefly  of  dilated  Ijnoiph  spaces  and  lymphatic 
vessels,  freely  anastomosing  with  one  another,  the  cavernous 
lymphangeioma  being  composed  of  a  trabecular  network  of 
fibrous  tissue  and  large  macroscopic  spaces  filled  with  lymph, 
and  again  freely  communicating  with  each  other ;  while  in  the 
cystic  class  the  enlargement  of  the  lymph  spaces  and  vessels 
has  reached  such  a  degtee  that  their  communication  with  the 
lymphatics  can  in  most  cases  be  no  longer  detected,  and  to 
the  naked  eye  the  tumour  has  the  appearance  of  a  mass  of 
cysts  filled  with  lymph  alone  or  with  lymph  and  blood,  and 
separated  from  each  other  merely  by  a  network  of  fibrous 
tissue. 

It  is  apparent  that  although  this  classification  is  very  con- 
venient yet  the  three  forms  described  must  very  easily  pass  into 
one  another,  and  it  is  quite  conceivable  that  one  tumour  may 
exhibit  in  different  parts  the  appearances  of  all  three  varieties. 

A  typical  example  of  the  simple  lymphangeioma  is  found  in 
macroglossia,  especially  in  its  congenital  form.  The  pathology 
of  this  interesting  but  extremely  rare  disease  was  first  correctly 
observed  and  described  by  Virchow  (Krank,  Geschwiilste,  Bd.  iii 
p.  487),  but  subsequent  observers  differed  in  their  views, 
some  finding  in  cases  of  macroglossia,  chiefly  hypertrophy  of 
the  muscular  elements ;  others,  hypertrophy  of  the  fibrous  tissue ; 
and  others,  again,  increase  of  both  elements.  These  observations 
are  now  of  old  date,  and  belong  to  a  period  when  the  histology 
of  the  lymphatics  was  not  so  completely  known  as  at  present, 
and,  no  doubt,  some  of  the  appearances,  such  as  proliferation  of 
the  muscle  nuclei,  would  now  admit  of  a  different  explanation 


PATHOLOGY  OF  MACROGLOSSIA  AND  HYGROMA.  417 

than  at  tbat  time.  All  the  recent  anatomical  investigations  of 
congenital  macroglossia  (see  cases  of  Arnstein,  Amott,  Wini- 
warter, and  Wegner)  agree  in  considering  the  changes  in  this 
disease  to  consist  of  an  infiltration  of  the  interstitial  tissue 
by  a  young  ceU-growth  and  the  presence  of  numerous  spaces 
filled  with  lymph  and  lined  by  an  endothelium,  being  evidently, 
therefore,  dilated  lymphatics.  Doubt  is  thrown  on  the  older 
observations  by  the  fact  that  Wegner  re-examined  four  cases  pre- 
viously described  by  Maas,  and  considered  by  him  to  be  hyper- 
trophy of  the  fibrous  and  muscular  tissue  with  increase  of  the 
blood-vessels,  and  found  that  three  out  of  the  four  cases  were 
true  lymphangeiomata,  while  the  fourth,  showing  certainly  in- 
crease of  the  muscular  tissue,  was  altogether  different  from 
ordinary  macroglossia,  and  seemed  to  consist  of  congenital  uni- 
lateral hypertrophy  of  the  tongue,  face,  and  trunk* 

While,  thus,  nearly  all  cases  of  macroglossia  would  belong  to 
Wegner's  class  of  simple  lymphangeiomata,  only  two  cases  are 
recorded  (Winiwarter  and  Yalenta,  see  bibliographical  list)^  in 
which  the  macroglossia  was  associated  with  lymphangeioma  of 
other  organs,  and  I  can  find  no  instance  where,  as  in  the  case 
which  is  the  subject  of  this  notice,  the  tongue  itself  showed  to 
the  naked  eye  a  number  of  small  cysts,  so  that  it  was  easily 
observed,  that,  in  addition  to  the  simple  form,  we  had  here  in 
parts  the  characters  of  the  cystic  variety.  The  case  was  further 
complicated  by  the  presence  of  cystic  lymphangeiomata  on  each 
side  of  the  neck,  one  being  of  very  rapid  growth. 

The  extreme  rarity  of  such  a  case,  and  its  important  bearing 
on  the  pathology  of  the  disease,  must  be  my  excuse  for  putting 
the  case  on  record. 

Gertrude  H.,  aged  two  years,  was  admitted  into  the  Man- 
chester Boyal  Infirmary  on  November  27, 1879,  under  the  care 
of  Mr  Walter  Whitehead,  to  whose  kindness  I  am  indebted  for 
permission  to  pubhsh  the  case. 

From  birth  it  had  been  noticed  that  the  child's  tongue  had 
been  very  large,  but  it  had  increased  in  size  for  a  few  months 

^  A  case  is  also  reported  by  Kronlein  from  Liangenbeck's  Cliniqne  {Lang. 
Arehiv.  vol.  xxi.,  Supplement,  p.  97),  in  which  macroglossia  was  complicated  by 
a  sweUing  below  the  jaw,  but  as  the  patient  recovered  after  removal  of  the  tongue, 
there  was  no  opportunity  of  proving  that  the  tumour  was  a  true  hygroma. 
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before  admission,  and,  during  the  same  time,  the  tumour  of  the 
neck,,  described  below,  had  made  its  appearance. 

On  admission,  the  tongue  was  observed  to  fill  the  mouth  and 
to  protrude  from  the  lips,  the  protruded  part  being  hard,  dry, 
and  covered  with  enlarged  papillae.  On  the  surface  of  the 
tongue  were  seen  a  number  of  small  dear  cysts,  those  on  the 
dorsum  being  about  the  size  of  a  pin's  head,  those  on  the  under 
surface  much  larger.  The  lips  were  not  thickened.  There  was 
an  enlargement  under  the  chin  and  on  the  left  side  of  the  neck 
as  far  as  the  angle  of  the  jaw,  tense,  presenting  an  obscure 
sense  of  fluctuation,  the  skin  over  it  not  discoloured,  but  the 
superficial  veins  being  very  prominent  The  child  was  able  to 
eat  and  swallow  perfectly  welL  The  temperature  showed 
sudden  rises,  chiefly  in  the  evening,  once  rising  to  105^  aud 
rarely  below  102*. 

On  February  12th,  the  anterior  third  of  the  tongue  was  re- 
moved with  scissors.  A  few  days  afterwards  the  tongue  in- 
creased somewhat  in  size  but  afterwards  declined. 

On  March  8th,  tracheotomy  was  performed,  and  on  the  10th 
a  little  bronchitis  is  reported ;  on  March  15th,  the  tongue  was 
removed  by  Mr  Whitehead's  method,  the  operation  being 
attended  by  much  haBmorrhage.  Three  days  afterwards  the 
tumour  in  the  neck  was  much  enlarged,  and  swelling,  of  rapid 
growth,  now  appeared  on  the  right  side  of  the  neck. 

On  March  20th  the  child  died  from  asthenia,  and  a  post- 
Tnortem  examination  was  made  about  eight  hours  afterwards. 

A  curious  point  in  the  clinical  history  is  the  fact  of  the  sudden 
enlargement  of  the  hygroma  after  the  removal  of  the  macro- 
glossia,  a  similar  phenomenon  being  mentioned  by  Winiwarter 
in  his  paper. 

Of  the  changes  found  post-mortem  there  is  only  to  be  noticed 
the  presence  of  the  cystic  lymphangeioma  or  hygroma  on  each 
side  of  the  neck,  and  some  masses  of  lobular  pneumonia  in  both 
lungs.  The  lymphatic  glands  of  the  neck  were  found  enlarged, 
but  no  distinct  connection  between  them  and  the  hygroma  could 
be  discovered.  The  thoracic  duct  was  carefully  dissected  out 
and  seemed  pervious  along  its  whole  length.  It  was  impossible, 
however,  to  inject  either  the  hygroma  or  the  glands  of  ttie  neck 
from  the  thoracic  duct. 
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The  part  of  the  tongue  which  had  been  amputated,  the 
hygroma,  and  the' portion  of  the  stump  of  the  tongue  which 
had  undeigone  cicatrisation  after  the  first  operation  were  after- 
wards carefully  examined  in  the  pathological  laboratory  of 
Owens  College,  and  the  following  is  a  description  of  the  appear- 
ances found  :— 

Tangvs, — ^The  tongue  after  removal  was  found  to  contain  a 
number  of  cysts,  which,  towards  the  under  portion,  were  some 
of  about  the  size  of  a  cherry-stone.  These  cysts  were  filled 
with  a  clear  fluid,  which,  on  microscopic  examination,  was  found 
to  contain  a  few  red  and  white  blood- corpuscles.  Sections 
of  the  tongue  were  made  at  once,  and  stained  with  nitrate  of 
silver  and  carmine,  while  other  portions  were  hardened  with 
bichromate  of  ammonium  and  afterwards  stained  with  logwood 
solution. 

On  microscopic  examination  of  the  sections,  large  irregular 
spaces  were  seen,  which  were  evidently  dilated  lymphatics 
(fig.  1).  Occasionally  traces  of  a  flat  endothelium  lining  the 
spaces  were  observed  (see  fig.  4),  but  for  the  most  part  this  was 
not  seen.  The  greater  number  of  the  spaces  were  empty,  but 
many  were  filled  with  coagulated  fibrin,  and  a  few  white  blood- 
corpuscles,  while  in  some  few  nothing  but  a  mass  of  hsBmorrhage 
was  found.  Surrounding  the  spaces  a  large  quantity  of  new 
growth  was  seen  consisting  of  young  cells  and  embryonic  fibrous 
tissue,  embedded  in  which  numerous  blood-vessels  appeared, 
their  walls  much  thickened  and  infiltrated  with  a  new  cell 
growth.  In  a  few  places  masses  of  extravasated  blood  were 
observed. 

The  muscular  bundles  seemed  to  be  embedded  in  the  cellidar 
new  growth  described,  this  having  also  penetrated  in  many  parts 
into  the  spaces  between  the  individual  fibres.  The  muscular 
fibres  were  apparently  not  hypertrophied,  but  the  muscle  nuclei 
were  markedly  proliferated  (see  fig.  3).  Careful  comparison  was 
made  between  the  section  and  other  sections  from  the  normal 
tongue  of  a  child  about  the  same  age  as  the  patient  from  whom 
the  specimen  was  obtained,  in  order  to  discover,  if  possible,  any 
changes  in  the  muscle  tissue,  but  no  other  points  than  those 
reported  were  observed. 

The  epithelium  of  the  tongue  was  found  to  be  a  little  increased 
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in  quantity,  and  the  papilla  weie  much  enlaiged,  60  as  in  some 
spots  almost  to  form  papillomata.  The  lower  portions  of  the 
papiUse  were  occupied  by  a  very  large  infiltration  of  young  cells, 
without,  however,  any  definite  arrangement,  as  reported  in  some 
of  the  papers  mentioned  below. 

Hygwma, — Below  the  inferior  maxillse  on  each  side  was  a 
large  mass,  occupying  the  floor  of  the  mouth,  reaching  back- 
wards to  the  larynx,  and  downwards  to  about  midway  between 
the  chin  and  the  sternum.  The  tumour  on  the  left  side  also 
extended  some  distance  on  to  the  ramus  of  the  jaw.  The  tumour 
felt  solid  to  the  touch,  and  on  section  thin  muscular  tissue  was 
found  covering  it,  the  main  mass  consisting  of  fibrous,  and  a  small 
quantity  of  adipose  tissue,  in  the  midst  of  which  were  large 
dilated  blood-vessels  and  cysts,  resembling  those  described  in  the 
tongue,  but  of  laiger  size.  An  attempt  was  made  to  stain  the 
lining  membrane  of  these  cysts  with  nitrate  of  £(ilver,  but  was 
unsuccessfuL 

In  sections  prepared  as  in  the  case  of  the  tongue,  laige  spaces 
were  again  seen,  most  of  them  filled  with  granular  matter  and 
white  blood-corpuscles,  some  completely  fiUed  with  haemorrhage, 
while  in  others  the  centre  of  the  space  was  occupied  by  a  small 
coagulum  of  fibrin  and  white  blood-corpuscles,  and  surrounding 
this  a  mass  of  haemorrhage  completely  filled  the  space  (fig.  2). 
In  many  of  the  spaces  a  flat,  nucleated  endothelium  was  well 
marked.  Surrounding  some  of  the  spaces  a  quantity  of  coagu- 
lated fibrin  was  found,  while  round  all  was  a  laige  quantity  of 
new  fibro-ceUular  groMrth,  with  blood-vessels  and  haemorrhages, 
as  described  above  in  the  tongue.  In  the  hygroma,  however, 
several  masses  of  old  blood  pigment  were  seen,  and  in  a  few 
spots  fully  formed  fibrous  tissue  was  found,  probably  being  the 
remains  of  the  former  structure  of  the  part,  and  much  infiltrated 
with  young  cells.  The  adipose  tissue  showed  signs  of  irritation, 
its  nuclei  being  proliferated,  and  infiltration  of  cells  being  again 
observed. 

Cicatrix  ofthz  Tongue, — ^In  the  stump  of  the  tongue  left  after 
the  first  operation,  ordinary  cicatricial  tissue  was  seen,  in  which 
were  spaces  lined  with  endothelium,  some  filled  vrith  red  blood- 
corpuscles  and  evidently  blood-vessels,  but  others  also  more 
irregular  in  form,  and  filled  with  coagulated  fibrin  and  a  few 
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white  corpuscles,  these  presumably  being  lymphatic  spaces. 
Many  small  vessels  were  found,  lined  again  by  endothelimn, 
many  of  which,  no  doubt,  were  blood-capillaries,  but  a  few  of 
them  could  be  detected  entering  the  spaces  containing  fibrin, 
and  described  above  as  l3rmphatic  spaces,  and  hence  we  must 
consider  these  vessels  as  lymphatic  capillaries. 

Bemarks, — ^To  summarise  the  chief  changes  described  here,  we 
find  as  the  most  striking  those  affecting  the  lymphatics.  These 
are  dilated  often  to  such  an  extent  as  to  form  large  spaces  readily 
seen  with  the  naked  eye;  their  contents  consist  merely  of 
coagulated  fibrin,  but  occasionally  we  find  distinct  haemorrhage 
into  them.  Whether  this  hsBmorrhage  is  due  to  rupture  of  the 
walls  or  to  communications  between  the  small  terminal  venules 
and  thede  spaces  it  is  impossible  to  say.  This  form-  of  hsemor- 
rhage  seems  to  be  of  frequent  occurrence  in  cases  of  lymphan- 
geioma,  and  has  been  specially  dwelt  upon  by  Wegner  and 
Amstein.  The  cysts,  so  numerous  both  in  the  tongue  and  in  the 
hygroma,  must  be  looked  upon  as  arising  from  excessive  dilata- 
tion of  the  lymph  spaces,  and  the  occlusion  of  their  communica- 
tions with  the  remainder  of  the  lymphatic  system,  as  shown  by 
their  lining  membrane  and  the  nature  of  their  contents.  It  will 
be  seen  that  in  no  part  of  the  specimen  was  there  anything 
pointing  to  a  new  formation  of  lymph  spaces  ot  lymphatics,  and 
I  am  inclined  to  look  upon  the  whole  appearance  both  of  the 
tongue  and  of  the  hygroma  as  due  to  some  congenital  impedi- 
ment to  the  flow  of  lymph  from  these  parts  into  the  thoracic  duct. 
(It  has  already  been  stated  that  it  was  impossible  to  inject  the 
hygroma  from  the  thoracic  duct,  but  much  stress  must  not  be 
laid  on  this,  for  at  the  time  the  attempt  was  made  the  parts  had 
been  in  alcohol  for  some  little  time,  and  the  structures  of  the 
neck  had  been  cut  into  for  the  purpose  of  examination.) 

On  referring  to  the  literature  of  the  subject,  I  find  that  other 
observers  in  many  of  their  cases  came  to  a  similar  conclusion 
and  considered  the  macroglossia  to  be  due  to  a  gradual  dilatation 
of  the  lymph  channels.  In  some  few  cases  there  has  been 
observed  an  active  proliferation  of  the  endothelium  lining  the 
lymphatics  (Wegner,  loc,  dt.  p.  686),  forming  solid  cell  masses, 
these  being  supposed  to  produce  eventually  new  lymphatics. 
Other  observers  (Virchow,  Billroth,  and  Winiwarter)  describe  a 
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third  mode  of  formation  of  these  tumours,  assuming  the  forma- 
tion of  a  granulation  tissue  from  the  pre-existing  areolar  tissue, 

which  granulation  tissue  afterwards  becomes  changed  into  lym- 
phatics. 

Without  disputing  either  of  these  latter  modes  of  formation,  I 
can  only  say  that  in  the  case  described  above  no  such  prolifera- 
tion of  the  endothelium  or  of  the  areolar  tissue  was  found, 
except,  perhaps,  underneath  the  papillary  epithelium. 

There  were,  however,  certain  changes  to  be  seen  both  in  the 
areolar  tissue  and  in  the  muscular  substance.  The  areolar  tissue 
round  the  lymphatics  showed  cellular  infiltration,  which,  how- 
ever, I  take  to  be  due  simply  to  irritation  set  up  by  the  stag- 
nating lymph  in  the  neighbouring  parts.  This  view  is  also  borne 
out  by  the  evident  state  of  irritation  of  the  adipose  tissue.  The 
muscles  also  show  proliferation  of  their  nuclei  This,  no  doubt, 
was  seen  by  older  observers,  and  believed  to  point  to  commenc- 
ing muscular  hypertrophy  ;  nowadays,  however,  we  should 
look  upon  such  proliferation  as  due  to  commencing  atrophic 
changes,  and  as  such  I  am  inclined  to  view  this  appearance.  In 
connection  with  this  part  of  the  subject  there  is  an  important 
paper  by  Litten  in  Virch.  Archiv.  1880, 

The  infiltration  of  the  lowest  stratum  of  the  papillae  of  the 
tongue  with  round  cells,  which  is  noticed  above,  has  been 
described  in  several  cases  of  macroglossia,  and  some  observers 
have  even  looked  upon  the  cell-infiltration  as  a  cell-proliferation, 
and  have  described  a  gradual  change  of  these  round  cells  into 
polygonal  and  epithelioid  cells,  with  an  arrangement  of  them 
into  lines  and  tracts,  and  believe  that  eventually  they  form  new 
lymph  channels.  I  was  not  able,  however,  to  detect  a  similar 
appearance  in  my  preparations.  I  am  inclined,  therefore,  to 
look  upon  all  the  changes  seen  in  the  papiUary  layer  of  mucous 
membrane,  in  the  muscles,  and  in  the  areolsjr  tissue,  either  to 
irritative  or  atrophic  changes,  and  to  look  upon  an  impediment 
to  the  Ijnnph  flow  as  the  chief  cause  for  the  formation  of  the 
cystic  lymphangeioma,  which  showed  itself  both  as  the  macro^ 
glossia  and  as  the  hygroma. 

As  to  the  appearances  of  the  cicatrix  nothing  much  can  be 
said,  except,  as  had  already  been  noticed  by  Winiwarter  in 
similar  circumstances,  there  were  indications  that  in  time  a 
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structure  similar  to  the  remainder  of  the  tongue  would  de- 
velop. 

IMerature, — The  literature  of  lymphangeioma  is  well  given  by 

Gjorgjewic  {LaTigen,  Arckiv.  vol.  xii  p.  641),  and  by  Wegner  (loc 
cU,).  Two  similar  cases  to  that  described  above,  but  with  the 
macroglossia  only  as  a  edmple  lymphangeioma,  are  reported  by 
Valenta  (OSsterreich,  Jahrhuch  fwr  Pcediatrik,  vol.  ii.  p.  35),  and 
Winiwarter  (Langen,  Archiv.  vol.  xvi.  p.  655). 

Other  cases  of  lymphangeioma  will  be  found  in  Langenieck's 
Archiv.  by  Waldeyer  and  Fischer,  vol.  xii.  p.  845 ;  Maas,  vol. 
xiiL  p.  420  (examined  by  Wegner) ;  DoUinger,  vol.  xxii  p.  701 ; 
Schwerin,  voL  xxiiL  p.  430 ;  Kronlein,  vol.  xxi.  Supplement,  p. 
97.  In  BiUroth  and  Pitha's  Randbuch,  by  BiUroth,  Bd.  ii. 
Abtheilung  1,  p.  268.  In  Virchow's  Krank.  OesehvriUste,  Bd. 
iii.  p.  487.  In  Virchow's  Archiv.  by  Virchow,  vol.  vii  p.  126 ; 
Weichselbaum,  vol.  Ixiv.  p.  145 ;  Amstein,  vol.  liv.  p.  319 ; 
Langhans,  vol.  Ixxv.  p.  293 ;  Steudener,  voL  lix.  p.  413 ;  Seichel, 
vol.  xlvi.  p.  797. 

The  English  literature  is  not  rich  on  this  subject,  but  cases 
may  be  found  in  the  Pathological  Transactions  by  Amott,  1872  ; 
Jones,  1875 ;  Tilbury  Fox,  1879. 

I  must  express  my  thanks  to  Dr  Dreschfeld  for  the  assistance 
which  he  has  rendered  me  in  many  points  of  the  subject,  and  I 
am  also  indebted  to  my  fellow-student,  Mr  Sidney  Toung,  of  the 
Chemical  Laboratory,  for  the  drawings  which  accompany  this 
paper. 


Explanation  of  Plate  XXYL 

Fig.  1  is  a  section  of  the  tongue  imder  a  low  power,  showing  several 
lymphatic  spaces,  sarronnded  by  small  cell-growth. 

fig  2  represents  one  of  the  spaces  of  the  hygroma,  surrounded 
again  by  new  growth.  In  its  centre  is  (^4),  a  coagulum  of  fibrin  and 
white  corpuscles,  surrounded  by  {E)  red  corpuscles,  the  remains  of  a 
haemorrhage  into  the  space. 

Fig.  3  shows  the  proliferation  of  the  muscle  nuclei. 

Fig.  4  represents  the  remains  of  an  endothelium  found  in  one  of  the 
spaces  of  the  tongue.  This  appearance  is  evidently  not  due  to  pro- 
liferation of  the  endothelium,  for  the  ceUs  are  much  larger  than  would 
have  been  expected  in  such  a  condition,  they  have  each  only  one 
nucleus,  and  they  form  only  one  layer. 


ON  THE  CHANGES  IN  THE  SPINAL  CORD  AFTER 
AMPUTATION  OF  LIMBS.  By  J.  Dreschfeld,  M.D., 
M.RC.P.,  Lecturer  on  Pathology y  Owctis  College,  Manchester. 
(Plate  XXVI.) 

Amongst  the  pathological  changes  of  the  spinal  cord  there  are 
few  which  possess  a  wider  interest  than  the  so-called  '*  secondary 
degenerations/'  for  they  interest  not  only  the  pathologist,  but 
also  the  anatomist  and  physiologist,  inasmuch  as  they  give  us 
predse  information  of  the  course  of  certain  tracts  of  nerve  fibres, 
and  of  the  functions  of  certain  parts  of  the  nervous  system. 
The  several  ganglionic  centres  of  the  cerebro-spinal  axis  being 
connected  together,  and  also  with  the  periphery,  by  conducting 
nerve  fibres,  it  is  now  a  well  established  fact  that  lesions  of  one 
part  can  be  traced  along  the  conducting  fibres  to  other  parts 
functionally  connected  with  the  diseased  or  deranged  part  In 
the  spinal  cord  two  forms  of  secondary  d^eneration  are  thus 
found  of  definite  character  and  well  limited  extent,  namely,  the 
descending  and  ascending. 

The  descending  degeneration,  as  is  well  known,  occupies  the 
anterior  and  lateral  pyramidal  tract  (with  certain  exceptions 
which  need  not  be  considered  here),  and  is  dependent  on  lesions 
either  of  the  cortical  motor  centre  or  some  part  of  the  motor 
tract,  while  the  ascending  degeneration,  which  follows  pressure, 
injury,  or  disease  of  the  spinal  cord,  occupies  the  region  of  GoU's 
fibres,  and  of  the  "  direct  cerebellar  "  tract  (Flechsig's),  and  can 
be  traced  upwards  along  the  whole  length  of  the  spinal  cord 
from  the  seat  of  lesion.  (Lesions  of  the  cauda  equina  show  the 
same  ascending  changes  in  the  cord  higher  up,  while  in  the 
lumbar  region  the  whole  of  the  posterior  columns  (GoU's  and 
Burdach's  tract)  is  secondarily  affected,  as  I  had  an  opportunity 
of  observing  in  a  recent  case,  and  as  was  seen  in  some  few  other 
cases  published). 

Besides  these  two  there  is  another,  more  partial,  secondary 
d^eneration  of  the  spinal  cord,  ascending  in  its  nature  and 
dependent  on  lesion  of  a  large  peripheric  nerve  trunk.    Experi- 
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mentally  this  form  of  degeneration  has  been  studied  by  Vulpian 
{Arch,  de  Physiol,  1869|  p.  683)  and  Hayem  {Arch,  de  Physiol, 
1873,  p.  504,  and  again  in  Ghxa.  Medic,  de  Paris,  1875),  by  tearing 
out  the  sciatic  nerve  in  animals,  or  by  crushing  that  nerve,  or 
by  the  application  of  irritating  substances  to  the  trunk  of  the 
nerva  In  man  a  similar  degeneration  in  the  spinal  cord  has 
been  found  following  various  pathological  conditions,  all  having 
this  in  common,  that  the  peripheric  nerves,  or  the  parts  sup- 
plied by  them,  are  primarily  affected  Leaving  out  of  con- 
sideration a  number  of  diseases,  of  which  it  is  doubtful  whether 
the  lesion  is  primary  in  the  spinal  oord  and  secondary  in  the 
peripheric  nerves  and  muscles,  &c.,  or  in  which  the  changes 
in  the  spinal  cord  are  of  indefinite  character,  and  not  constant 
in  their  occurrence,  there  is  one  class  of  cases  in  which  the 
primary  lesion  is  undoubtedly  peripheric,  and  where  secondary 
changes  in  the  spinal  cord  are  almost  invariably  found,  to  which 
I  wish  now  to  refer,  namely,  those  cases  in  which  at  some 
antecedent  date,  usually  several  years  before  death,  amputation 
of  a  limb  had  been  performed. 

As  the  cases  on  record  are  not  very  numerous,  and  as  the 
changes  observed  by  the  different  observers  are  not  all  alike,  I 
will  briefly  review  the  best  observed  of  these  cases  previous  to 
giving  my  own  observations  :— 

Amongst  the  older  observations  there  is  one  of  Bdrard,  who  in 
1829  showed  before  the  Anatomical  Society  of  Paris  the  spinal 
cord  of  a  soldier  who  had  his  arm  amputated  at  the  Battle  of 
Waterloo,  and  where  the  anterior  roots  of  the  nerves  going  to 
the  arm  were  found  atrophic  and  reduced  in  size.  Gruveilhier 
and  Turck,  on  the  other  hand,  got  negative  results  in  similar 
cases.  More  precise  and  definite  changes  were  foimd  by  Dick- 
inson (Journal  of  Anal.  vol.  iii  p.  88).  In  one  case  (amputation 
of  left  thigh  fifty-three  years  before  death)  the  sciatic  nerve  of  the 
stump  showed  granular  degeneration,  and  the  lumbar  enlarge- 
ment atrophy  of  the  posterior  column  on  left  side  was  found. 
Lockhart  Clarke  {Med.  Chirurg,  Trans,  vol.  li.  p.  249)  examined 
the  sections  from  the  same  cord,  and  found  distinct  atrophy  of 
the  motor  ganglia  (the  postero-lateral  group — to  judge  from  the 
drawings  accompanying  the  paper)  in  the  lumbar  enlargement 
on  the  left  side. 
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In  the  second  case  (amputation  of  left  arm  twenty-three  years 
before  death)  the  anterior  and  posterior  roots  were  found  atrophic, 
and  posterior  columns  affected,  the  affection  (chiefly  sclerosis) 
could  be  traced  up  to  the  decussation  of  the  cord.  The  posterior 
grey  matter  on  the  same  side  was  slightly  affected;  but  the 
motor  ganglia  in  the  anterior  horns  seem  not  to  have  been  affected. 

The  third  and  last  case  (amputation  of  right  forearm  twenty- 
three  years  before  death)  showed  atrophy  of  the  right  posterior 
column,  affecting  also  the  posterior  grey  matter  on  that  side,  and 
implicating  also  the  right  anterior  horn. 

Vulpian  {Arch,  de  Phys.  1868,  p.  443)  found  in  one  case 
(amputation  of  right  leg  forty-seven  years  before  death)  diminu- 
tion in  size  of  lumbar  region  on  right  side,  affecting  grey  and 
white  matter  anteriorly;  and  in  another  case  (amputation  of 
left  leg  twenty  years  before  death),  changes  along  the  whole  cord 
on  left  side,  consisting  chiefly  in  atrophy  of  anterior  white  and 
grey  matter,  atrophy  of  the  motor  ganglia  cells,  and  granular 
degeneration  in  anterior  grey  matter. 

The  differences  between  the  results  obtained  by  Dickinson 
and  Vulpian  concern,  as  will  be  seen,  chiefly  the  posterior  column 
and  grey  matter,  which  Vulpian  did  not  find  affected  in  his  cases. 
This  led  to  some  further  observations  by  Vulpian  {Arch,  de  Phys. 
1869,  pp.  678,  690)  on  some  other  cases.  Of  these,  two  showed 
marked  changes  in  posterior  white  and  grey  matter,  and  no  per- 
ceptible changes  in  the  anterior  horns  or  anterior  white  matter, 
while  the  third  case  j(amputation  of  left  forearm  one  and  a  hsdf 
year  before  death)  showed  again  no  changes  in  posterior  part, 
while  the  anterior  white  and  grey  matter  were  found  affected 
along  a  considerable  tract 

iElriedreich  (Progress.  Muskdatraph.  p.  140)  examined  one  case 
(amputation  of  left  forearm  twelve  years  before  death),  and 
found  the  spinal  cord  perfectly  normal.  Dickson  {PcUh.  Trans, 
1873,  vol.  xxiv.  p.  2)  reports  on  the  examination  of  a  case  where 
amputation  of  right  leg  had  been  performed  fifteen  years  before 
death.  He  foond  changes  chiefly  in  anterior  grey  horn  of  lum- 
bar r^on,  where  many  of  the  ganglia  cells  were  found  atrophied, 
and  their  number  diminished.  From  his  drawings  it  is  again 
evident  that  the  postero-lateral  group  of  cells  is  the  one  prin- 
cipally affected. 
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Genzmer    {Virch.    ArcL  voL  Ixvi  pi.  ix.)   found   similar 
changes, — atrophy  of  the  large  ganglia  cells  in  anterior  horns 

,  in  lumbar  enlargement;  in  one  case  (amputation  of  right  thigh 

I  thirty  years  before  death). 

Lastly,  Leyden  {Klinih  der  Eiickenm.  KranJcheiten,  vol.  ii. 
p.  316)  gives  three  cases  (one  amputation  of  arm,  one  of  leg,  and 
one  of  thigh),  in  all  of  which  atrophy  of  the  corresponding  half 
of  the  spinal  cord  was  found.  This  was  best  marked  in  the  case 
of  amputation  of  thigh;  here  the  anterior  and  posterior  roots 
were  found  thinner,  the  corresponding  half  of  the  lumbar  region 
of  cord  was  found  distinctly  wasted,  the  affection  chiefly  resting 
with  the  external  part  of  anterior  grey  matter,  "  where  ganglia 
cells  must  have  disappeared." 

To  the  foregoing  list  I  now  beg  to  add  the  following  observa- 
tion made  on  the  spinal  cord  of  a  man  who  had  his  left  thigh 
amputated  fifteen  years  before  death,  and  who  died  a  few 
days  after  the  ligature  of  the  left  common  iliac  artery  for  an 
arterio- venous  aneurism.  The  post-mortem  was  made  six  hours 
after  death.    Beyond  a  large  ''  amputation  neuroma  "  at  its  peri- 

k.^  pheral  end,  the  left  sciatic  was  perfectly  healthy,  the  anterior 

and  posterior  roots  on  left  side  showed  no  changes  to  the  naked 
eye,  and  when  afterwards  microscopically  examined  were  found 
to  be  perfectly  healthy.  The  Qpinal  cord  was  carefully  removed 
and  cut  in  small  sections,  which  to  the  naked  eye  showed  neither 
unilateral  atrophy  nor  changes  in  colour  or  consistency.  The 
two  halves  of  the  brain  were  likewise  symmetrical,  and  the  cor- 
tical motor  area  of  the  same  dimensions  on  both  sides.  The 
spinal  cord  was  at  once  placed  in  one  per  cent,  solution  of  am- 
monium chromate,  was  kept  at  a  low  temperature,  and  was 
examined  when  sufficiently  hardened  in  the  usual  way,  when 
the  following  interesting  appearances  were  noticed : — 

Sections  of  the  hardened  and  stained  spinal  cord  in  the  lowest 
lumbar  region  (see  fig.  1)  showed  to  the  naked  eye  a  slight 
diminution  of  the  left  anterior  horn,  while  the  other  parts  seemed 
of  the  same  size  on  the  two  sides.  Microscopically  the  right 
half  showed  nothing  but  normal  relations ;  in  the  anterior  horns 
the  several  groups  of  cells  were  distinctly  mapped  out ;  the  in- 
ternal group  (or  Erb's  anterior  group,  marked  a  in  fig.  1)  was 
not  so  well  expressed,  and  the  tractus  intermedio-lateralis  con- 
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sisted  of  two  groups  of  cells ;  but  the  separate  cells  were  well 
defined,  and,  especially  those  occupying  the  tractus  intermedio- 
lateralis  (6  fig.  1)  were  at  once  recognised  by  their  large  siza  The 
appearance  of  the  cells  in  the  left  anterior  horns  contrasted  most 
markedly  with  that  of  the  corresponding  groups  on  the  right 
side.  In  the  several  cell  groups  there  were  only  seen  three  to 
four  small  atrophied  cells,  not  pigmented,  without  any  out-runners, 
and  with  their  nuclei  scarcely  visible.  Beyond  these  atrophied 
nerve  cells  the  grey  matter  in  the  anterior  horns  showed  no  other 
changes,  with  the  exception  of  a  small  spot  at  the  external 
lateral  border,  and  corresponding  to  the  intermedio-lateral  group 
of  cells,  where  the  granular  material  surrounding  the  still  re- 
maining but  atrophied  ganglia  cells  had  taken  a  deeper  staining 
than  any  other  part  of  the  cord,  and  was  found  to  consist  of 
masses  of  granules  and  fine  fibrillae. 

Except  these  changes  concerning  the  different  groups  of 
ganglia  cells  in  the  anterior  horn,  no  changes  whatever  could  be 
found  either  in  the  anterior  white  or  posterior  grey  or  white 
matter. 

Sections  of  the  spinal  cord  a  little  higher  up,  but  yet  low  down 
in  the  lumbar  enlargement,  showed  a  somewhat  different  appear- 
ance (as  seen  in  fig.  2).  While  the  right  half  was  perfectly 
normal,  in  the  left  half  the  intermedio-lateral  group  of  cells  in 
the  anterior  horns  was  found  atrophied,  diminished  in  number, 
and  surrounded  by  masses  of  granules  and  fabrillse,  which  took 
the  carmine  staining  better  than  any  other  part  of  the  cord. 
The  other  groups  of  celLa,  especially  the  antero-lateral  and 
median^  were  well  marked,  though  the  several  groups  contained 
a  smaller  number  of  cells  than  the  corresponding  groups  on 
the  second  part  Beyond  a  slight  diminution  of  the  posterior 
horn  on  the  left  side,  no  other  pathological  changes  could  be 
noted. 

On  examining  sections  still  higher  up  in  the  lumbar  region 
(fig.  3),  the  several  cell  groups  in  their  anterior  horns  received 
their  full  complement  of  cells,  except  the  intermedio-lateral 
tract,  which  remained  in  its  atrophic  condition.  The  other  parts 
of  the  spinal  cord  were  again  devoid  of  any  pathological  changes. 
(The  drawings  kindly  made  for  me  by  Dr  Young,  Pathologist  to 
the  Infirmary,  show  these  changes  weU.)    Beyond  the  lumbar 
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enlargement,  both  sides  were  found  healthy  along  the  whole 
length  of  the  spinal  cord. 

If  we  now  analyse  the  results  of  the  several  observations,  we 
have  to  consider — 

1.  Which  parts  erf  the  spinal  cord  are  found  affected. 

2.  What  is  the  nature  of  the  lesion  found ;  and 

3.  What  are  the  physiological  bearings  ? 

As  to  the  first  of  these  questions,  we  find  certain  agreements 
and  certain  discrepancies  in  the  observations  recorded.  Changes 
in  the  trunks  of  the  large  peripheric  nerves  are  recorded  in  only 
one  case  of  Dickinson's,  Vulpian  and  others,  and  amongst  them 
myself,  h^ve  not  detected  any  changes  in  the  peripheric  neryes. 
The  nerve-jroots,  again,  were  found  altered  by  Dickinson  and  by 
Leyden,  and  seem  in  most  of  the  other  observations  to  have  been 
unaltered.  As  regards  the  s-pii^al  cord^  itself,  the  white  matter 
has  been  found  in  most  observations  (with  the  exception  of 
Dickinson's,  and  a  few  of  Vulpian's  cases)  intact ;  the  posterior 
grey  matter  has  been  found  altered  in  many  of  the  recorded 
cases,  but  has  been  found  absent  in  those  cases  most  recently 
reported  (Dickson,  Genzmer,  myself).  On  the  other  hand  the 
changes  in  the  anterior  grey  matter  are  of  the  most  constant 
occurrence,  and  though  missed  in  some  of  the  older  observations, 
have  been  found  in  all  the  recently  recorded  cases.  These 
changes  affect  chiefly  the  gangha  cells,  and  though  most  authors 
have  not  sufficiently  distinguished  between  the  several  cell  groups, 
a  glance  at  the  drawings  accompanying  the  description  of  the 
several  cases  will  convince  anybody  that  the  intermedio-lateral 
tract  of  cells  is  the  one  constantly  attacked. 

It  wiU  be  further  observed  that  the  time  elapsed  between  the 
amputation  of  the  limb  and  the  death  of  the  individual  does  not 
in  any  way  account  for  the  want  of  harmony  between  the  several 
observations. 

As  to  the  second  point  of  our  inquiry,  there  can  be  Uttle 
doubt  that  so  far  as  the  changes  in  the  spinal  cord  itself  are 
concerned,  the  nature  of  the  lesion  is  of  a  purely  degenerative  char- 
acter. The  changes  in  the  trunks  of  the  nerves  possibly  result 
from  a  chronic  inflammatory  process  leading  to  degeneration; 
the  lesions  of  the  cord,  on  the  other  hand,  especially  when  the 
intervening  peripheric  nerve  and  nerve-roots  are  found  intact, 
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are  essentially  of  atrophic  nature.  The  changes  in  the  motor 
ganglia  of  the  anterior  horns  show  this  in  a  marked  manner ; 
some  have  completely  disappeared,  and  those  that  remain  are 
found  small,  not  pigmented,  shorn  of  their  processes,  whilst  the 
grey  matter,  beyond  a  slight  increase  of  the  neuroglia,  shows 
none  of  the  changes  seen  in  inflammatory  affections,  such,  for 
instance,  as  in  infantile  paralysis. 

In  considering,  lastly,  the  physiological  bearings  of  these 
changes,  and  their  relation  to  one  another,  we  derive  some  aid 
from  the  experimental  researches  of  Hayem  {loc.  dt.  p.  511), 
who  tore  out,  in  rabbits,  the  spiatic  nerve  of  one  side,  and  found 
in  the  corresponding  side  of  the  spinal  cord,  in  the  lumbar  region, 
a  sclerotic  condition  of  the  posterior  roots  and  posterior  grey 
matter,  and  simple  degenerative  atrophy  of  the  ganglia  cells  in 
the  intermedio-lateral  tractus.  These  changes,  it  will  be  seen, 
include  the  most  important  ones,  and  those  most  constantly 
found  after  amputations.  Again,  in  locomotor  ataxy,  when  in 
the  course  of  the  disease  there  is  observed  muscular  atrophy, 
there  has  been  observed,  post-mortem,  besides  the  changes  in  the 
posterior  columns  and  posterior  grey  matter,  a  distinct  atrophy 
of  these  large  motor  cells  in  the  anterior  horns. 

Now,  the  changes  in  infantile  paralysis,  progressive  muscular 
atrophy,  and  any  atrophic  lateral  sclerosis,  have  led  many  ob- 
servers to  look  upon  these  large  motor  ganglia  as  possessing 
atrophic  function;  and  I  think  this  view  will  also  explain  how  it 
is  that  these  gangUa  cells  are  affected  in  cases  of  amputation, 
when  they  no  longer  need  preside  over  and  regulate  the  nutrition 
of  a  mass  of  muscles. 

About  the  relation  of  these  ganglia  cells  to  the  posterior  grey 
matter,  the  posterior  roots,  and  the  sensory  nerves,  we  have  at 
present  no  very  precise  information.  While  I  am  inclined, 
therefore,  to  look  upon  the  atrophy  of  these  ganglia  as  support- 
ing the  view  of  their  trophic  function,  I  have  yet  to  explain 
the  atrophy  of  the  other  ganglia  groups  in  the  lowest  lumbar 
region,  as  seen  in  our  case  (fig.  1).  Seeing  that  these  atrophic 
groups  were  only  found  in  the  lowest  part  of  the  lumbar  region 
of  the  cord,  it  is  highly  probable  that  they  are  connected  with  the 
motor  nerves  going  to  the  diflferent  groups  of  muscles  of  the  foot  and 
leg,  and  that  they  have  undergone  atrophy  after  the  amputation 
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from  disease  siiuply.  On  looking  at  the  different  groups  of  cells 
in  the  spinal  cord,  seeing  how  they  vary  in  the  different  regions, 
wd  also  in  different  animals^  and  how  certain  of  them  seem  to 
appear  much  later  than  others  in  the  embryo  (see  a  paper  by  Dr 
Boss  in  ''Brain/'  1880),  one  cannot  help  thinking  that  the 
several  groups  of  cells  supply  separate  groups  of  muscles,  and 
the  atrophy  of  these  cells  on  the  disappearance  or  disease  of  the 
muscles  is  thvis  easily  understood. 

The  whole  subject  is  one  of  great  interest,  and  vdU  require 
n^any  and  varied  observationsi  before  more  positive  (conclusions 
can  be  arrived  at.  It  is,  however,  highly  desiirable  that  in  all 
future  observations  on  lesions  of  the  grey  matter  of  the  spinal 
oord,  the  different  groups  of  ganglia  cells  should  be  considered 
separately,  and  not  coUectiv^ly,  as  ha^  hitherto  be^n  done. 


Explanation  qf  Plate  X^VIL 

Fig.  1.  (Section  of  lowest  liunbar  region.)  a.  Group  of  internal 
cells  not  weU  seen.  h.  Group  of  cells  in  intermedio^lateral  tract 
b\  Groups  of  atrophied  cells. 

Fig&  2  and  3.  (Sections  of  lumber  re^on  higl^er  iip.)  V,  Group  of 
atrophied  gangUa  ceU& 


ON  THE  MORBID  ANATOMY  OF  CEETAIN  FORMS 
OF  POST-SCARLATINAL  NEPHRITIS,  IN  RELA- 
TION TO  THEIR  BEARING  ON  THE  HISTOGENY 
OF  GRANULAR  KIDNEY.  By  Bryan  Charles 
Waller,  M.D.,  F.R.C.S.  Edin.,  Ledurer  on  Pathology  in 
the  School  of  Medicine,  Edinburgh.     (Plate  XXVII.) 

Until  a  comparatively  recent  period,  post-scarlatinal  nephritis 
was  generally  thought  to  belong  exclusively  to  the  parenchy- 
matous variety.  It  was  considered  that  the  kidneys  were  sub- 
jected to  abnormal  irritation  by  the  scarlatinal  poison,  and  also 
to  vicarious  overwork  consequent  on  the  deficient  action  of  the 
skin,  and  the  necessity  for  the  elimination  of  large  quantities  of 
waste  products.  The  brunt  of  the  lesion  was  supposed  to  be 
borne  principally  by  the* secreting  cells  of  the  uriniferous  tubules, 
which  became  cloudy,  granular,  and  fatty,  and  were  loosened 
from  their  basement  membrane  and  cast  off  in  the  urine. 

Without  doubt,  in  a  considerable  percentage  of  cases,  these 
older  views  are  perfectly  correct.  The  clinical  symptoms  are 
those  of  ordinary  acute  Bright's  disease,  the  urine  is  diminished 
and  albuminous,  and  contains  renal  epithelium,  blood  corpuscles^ 
and  tube  casta  in  abundant  quantity ;  and  the  condition  runs  the 
ordinary  course  of  acute  Bright,  frequently  terminating  in 
recovery  more  or  less  complete,  according  as  the  renal  inflam- 
mation subsides,  or  passes  into  the  chronic  form. 

Tet  though  parenchymatous  or  intratubular  nephritis  is  a 
frequent  sequela  of  scarlet  fever,  it  is  by  no  means  the  only 
form  of  nephritis  liable  to  supervene  upon  this  disorder.  A 
variety  of  other  morbid  appearances  have  been  chronicled  from 
time  to  time  by  different  observers,  among  whom  may  be  men- 
tioned Drs  Wilks,  Bristowe,  Cayley,  and  Coats,  Arnold  Beer, 
Biermer,  Wagner,  and  others.  The  cases  recorded  by  these 
authorities  differ  materially  from  ordinary  parenchymatous  in- 
flammation, for  in  those  of  Biermer,  Coats,  Wagner,  and  Cayley 
the  morbid  changes  were  interstitial,  while  in  those  of  Beer, 
Bristowe,  and  Wilks  the  glomeruli  were  the  parts  specially 
affected. 
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Klebs,  however,  was  the  first  to  make  prominent  mention  of 
a  post-Bcarlatinal  nephritis  leading  to  peculiar  and  remarkable 
changes  in  the  glomeruli  {Havdb.  der  Path,  Anat.  lief  iii. 
pp.  644-647).  To  this  he  gave  the  name  of  glomerulo- 
nephritis. He  describes  the  interior  of  Bowman's  capsules  as 
occupied  by  a  number  of  small  angular  nuclei  imbedded  in  a 
finely  granular  mass  (see  figs.  1  and  2,  and  Klebs'  engraving, 
loc,  dt,).  These  nuclei  he  evidently  considers  as  springing  from 
a  proliferation  of  the  normal  corpuscles  of  the  connective  tissue 
of  Axel  Key,  which  binds  the  capillaries  of  the  Malpighian  tufts 
into  compact  balls.  In  normal  kidneys  these  corpuscles  are  not 
difficult  to  demonstrate,  especially  in  specimens  of  cats'  kidney 
stained  with  logwood  after  successful  injection  with  carmine  and 
gelatine.  A  glomerulus  is  carefully  picked  out  whole,  and 
placed  on  a  separate  slide  with  a  drop  of  water ;  a  moderately 
thick  cover-glass  is  then  pressed  firmly  down  upon  it,  and 
moved  slightly  from  side  to  side  so  as  to  dissociate  the  capillary 
loops,  or  these  are  carefully  separated  from  one  another  with 
fine  needles  under  the  dissecting  microscope.  Either  of  these 
processes,  if  properly  conducted,  will  afford  a  ready  demonstra- 
tion of  the  glomerular  connective  tissue.  Its  corpuscles  stain 
deeply  with  logwood,  and  are  therefore  easily  identified.  They 
are  seen  to  be  situated  in  the  substance  of  the  glomerular  ball, 
between  its  component  capillaries.  Their  anatomical  site  is 
consequently  different  from  that  of  the  epithelial  cells  forming 
the  glomerular  investment,  from  which  they  further  differ  in 
form  and  size. 

In  glomenilo-nephritis  Klebs  describes  an  enormous  increase 
in  the  number  of  these  corpuscular  bodies,  which  completely  fill 
Bowman's  capsules,  obscuring  the  glomeruli,  compressing  and 
emptying  the  capillaries,  and  thus  seriously  interfering  with 
renal  circulation  and  excretion  (see  figs.  1  and  2).  According 
to  Klebs,  the  corpuscular  accumulation  inside  Bowman's  capsules 
is  the  only  morbid  condition  noticeable  in  these  cases.  Clini- 
cally glomerulo-nephritis  may  be  recognised  by  the  occurrence 
of  sudden  and  complete  suppression  of  urine,  followed  by  acute 
dropsy  and  ursBmic  symptoms.  The  prognosis  appears  to  be 
very  unfavourable,  as,  indeed,  might  be  conjectjured  from  the 
anatomical  characters  of  the  morbid  changes. 
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Of  this  variety  of  post-scarlatinal  nephritis  I  have  seen 
SQveral  typical  specimens.  So  far  as  regards  the  condition  of 
the  glomeruli,  they  corresponded  closely  with  the  description 
given  by  Klebs;  but  there  were  besides  a  number  of  other 
interstitial  changes,  and  some  intratubular  changes  of  minor 
import,  which  I  shall  presently  describe. 

In  my  specimens  the  cell-accumulation  inside  Bowman's 
capsules  was  of  the  nature  of  a  granulation  tissue  rich  in  small 
cells.  The  capsules  themselves  were  thickened,  and  their  sub- 
stance was  infiltrated  with  round  oells,  while  outside  their  peri- 
phery was  a  dense  interstitial  accumulation  of  cell  structures 
similar  to  those  occupying  their  interior.  Sometimes  a  whole 
Malpighian  body  was  entirely  hidden  by  an  accumulation  of 
multitudes  of  these  small  cells  (see  fig.  8).  The  epithelium 
of  one  or  two  tubules  in  the  immediate  neighbourhood  of  each 
affected  Malpighian  body  was  generally  fatty,  staining  deep 
black  with  osmic  acid;  but  the  fatty  changes  were  strictly 
limited  to  the  tubules  in  these  situations,  the  epithelium  of  the 
great  majority  being  still  normal,  both  in  the  oortioal  and 
medullary  portions  of  the  kidney.  A  few  leucocytes  and  red 
blood  corpuscles  were,  however,  occasionally  visible  in  the  lumen 
of  the  convoluted  tubules. 

Around  many  of  the  veins  and  arterioles  of  the  kidney  there 
were  copious  accumulations  of  small  round  ceUs,  which  were 
evidently  of  a  migratory  nature  (see  figs.  2  and  6).  These, 
after  passing  through  the  vascular  wall,  had  collected  in  kuige 
numbers  in  the  perivascidar  connective  tissue  immediately 
outside  it,  the  structure  of  the  kidney  preventing  the  majority 
of  them  from  wandering  further  (see  also  paper  by  Klein, 
TraTis.  Path,  Soc.  1877,  pL  xxxii.  figs.  2,  3,  and  4).  This 
migration  of  leucocytes  points  to  an  interstitial  nephritis,  affect- 
ing not  only  the  connective  tissue  between  the  loops  of  the 
glomeruli  and  around  Bowman's  capsules,  but  also  that  of  the 
general  kidney  stroma,  though  in  a  somewhat  minor  degree. 
In  this  respect  my  specimens  differed  from  those  described  by 
Klebs,  in  which  there  were  no  evidences  of  general  interstitial 
nephritis,  and  resembled  those  of  Klein  {op,  jam,  cit.),  in  many 
of  which  similar  interstitial  changes  were  observed. 

The  cellular  accumulations  inside  Bowman's  capsules,  between 
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the  individual  oapillary  loops  and  on  the  surface  of  the  glomeruli 
were  very  general  and  exceedingly  abundant.    The  eflfect  of  the 
pressure  of  so  large  a  number  of  cellular  bodies  inside  the 
inelastic  and  but  slightly  distensible  capsules  must  necessarily 
be  to  render  the  arterioles  of  the  glomeruli  well-nigh  impervious, 
and  thus  to  interpose  a  serious  obstacle  in  the  way  of  the  passage 
of  the  blood  stream  and  the  excretion  of  urine.    Indeed,  the 
gravity  of  the  clinical  symptoms  is  fully  explained  by  the  histo- 
logical characters  of  the  affected  kidneys.    Dr  Elein  {Trans. 
Path.  Soc,  1877,  pp.  435,  436)  is  disposed  to  doubt  the  accumu- 
lation of  cellular  bodies  inside  Bowman's  capsules  in  sufficient 
numbers  to  interfere  with  the  circulation.     But,  as  we  shall 
presently  indicate,  and,  indeed,  as  he  himself  admits,  his  cases 
were  in  all  probability  not  true,  or  at  least  not  typical  examples 
of  glomerulo-nephritis.    Dr  Klein  considers  the  nuclei  as  being 
of  an  epithelial  nature.    In  all  of  my  specimens,  save  one  to 
which  I  shall  presently  allude,  this  hypothesis  appears  to  be 
negatived  by  the  fact  that  the  intercapillary  situation  of  many 
of  the  nuclear  bodies  was  proved  by  repeated  experimental 
erushings  and  teasings  out  of  the  glomeruli.     The  corpuscular 
bodies  were  found  between  as  well  as  upon  the  surface  of  the  capil- 
lary loops,  a  circumstance  which,  in  my  opinion  as  in  that  of 
Elebs,  must  be  allowed  due  weight  in  determining  their  nature. 
In  my  cases  there  could,  I  think,  be  no  reasonable  doubt 
that  the  glomerular  circulation  must  have  been  seriously  ob- 
structed by  the  large  nuclear  aggregations   inside  Bowman's 
capsules.    Were  further  corroboration  of  this  conclusion  re- 
quired, I  should  be  disposed  to  recognise  it  in  the  fibrous  state 
of  some  of  the  glomeruli    In  two  of  my  specimens  a  number  of 
glomeruli  presented  appearjuices  similar  to   those  figured  by 
Dr  Klein  in  plate  xxxiii.  fig.  7,  Trans.  Path.  Soc.  1877.    The 
impervious  capillary  loops  were  transformed    into  a  fibrous 
texture,  more  or  less  completely  united  with  the  thickened 
Bowman's    capsules.      Their    lumen    was    evidently    entirely 
abolished  (see    figs.    3,   4,    6,    and    7).    The    nuclei  on  the 
surface  and  in  the  substance  of  these  fibrous  glomeruli  were 
much  diminished  in  number,  as  represented  in  the  above  draw- 
ings.   Their  attraction  for  vegetable  colouring  matters  was  also 
materially  diminished.    They  were  stained  much  less  deeply  by 
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logwood  than  those  upon  the  surface  of  other  glomeruli  in  the 
same  section,  whose  capillaries,  though  compressed  and  emptied 
by  the  pressure  of  the  cell  growth,  were  still  apparently  capable 
of  renewed  distention  in  event  of  the  removal  of  the  compressing 
mass.  It  appears  reasonable  to  suppose  that  the  fibrous  change 
is  due  partially,  and  indeed  mainly,  to  abolition  of  function 
by  compression,  but  partly  also,  perhaps,  to  direct  fibrous  meta- 
morphosis of  the  compressing  cells,  which,  as  akeady  stated, 
appear  to  be  of  the  nature  of  a  granulation  tissue. 

I  am  disposed  to  consider  the  cell-accumulations  inside 
Bo¥rman's  capsules  as  originating  from  two  sources.  Firstly, 
many  of  them  are  probably  derived  from  direct  proliferation  of 
the  intercapillary  connective-tissue  corpuscles  of  the  glomeruli, 
which  they  resemble  in  size,  general  outline,  and  behaviour 
with  colouring  reagents.  Indeed,  in  the  earlier  specimens  of 
glomerulo-nephritis,  where  the  intracapsular  cell  accumula- 
tions are  seen  in  their  initial  stages,  the  appearances  are  simply 
those  of  moderate  increase  in  the  number  of  these  bodies  (see 
fig.  1).  Their  anatomical  situation,  as  previously  stated,  is  between 
and  not  on  the  surface  of  the  glomerular  loops, — ^in  the  substance 
of  the  Malpighian  tufts,  and  not  in  the  interspace  between  the 
glomeruli  and  their  investing  capsules.  But  as  the  morbid 
process  proceeds,  this  interspace  is  usually  entirely  filled 
with  cellular  bodies,  which  are  now  seen,  not  only  between  the 
capillary  loops,  but  likewise  on  their  free  surfaces,  occupying 
the  space  between  the  periphery  of  the  glomerular  balls  and  the 
inner  circumference  of  their  investing  capsules.  So  far  as  their 
anatomical  position  is  concerned,  the  cells  thus  situated  might, 
of  course,  be  derived,  as  Elein  supposes,  from  an  increase  in 
the  epithelial  elements  investing  either  the  inner  surface  of 
Bowm^an's  capsules,  or  the  circumference  of  the  glomeruli.  But, 
on  the  other  hand,  they  differ  from  epithelial  cells  in  form,  size, 
contour,  and  attraction  for  colouring  matters ;  while  they  are 
identical  in  appearance  with  the  intercapiUary  corpuscles,  and 
are  therefore  presumably  of  the  nature  of  leucocytes  or  con- 
nective-tissue cells.  I  am,  accordingly,  disposed  to  consider 
many  of  them  as  migratory  leucocytes,  and  to  regard  the  intra- 
capsular cell  accumulations  as  composed  partly  of  proliferated 
connective-tissue  corpuscles,  and  partly  of  migrated  blood  cells. 
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which  have  passed  through  the  walls  of  the  glomerular  capil- 
laries. This  idea  receives  confirmation  if  we  direct  our  attention 
to  the  abundant  cell-accumulations  outside  Bowman's  capsides, 
and  around  the  arterioles  and  small  veins  of  the  cortical  sub- 
stance (see  figs.  1,  2,  and  5).  The  cells  in  these  situations,  and 
especially  the  latter,  are  clearly  migratory,  while  they  exactly 
resemble  those  in  the  interior  of  Bowman's  capsules.  Further, 
in  pencilled  preparations,  the  lumen  of  the  cortical  capillaries  is 
seen  to  be  occupied  by  numerous  leucocytes*  which  are  often  so 
closely  aggregated  as  to  show  that  the  circulation  through  them 
during  life  must  have  been  either  materially  retarded  or  reduced 
to  a  condition  of  complete  stasis.  This  cramming  of  the  vessels 
with  leucocytes,  apparently  ready  to  emigrate,  affords  additional 
evidence,  if  such  be  needed,  of  the  migratory  nature  of  those 
cells  which  have  accumulated  in  quantity  outside  the  cortical 
vessels.  If,  therefore,  this  process  of  emigration  be  observable  in 
the  case  of  the  ordinary  vessels  of  the  cortex,  why  should  not 
the  same  conditions  produce  the  same  effects  in  the  case  of  the 
vessels  of  the  Malpighian  tufts  ?  Indeed,  the  mechanical  con- 
ditions of  these  tufts,  lying  as  they  do  in  the  midst  of  a  free 
space,  are  more  favourable  to  the  outward  passage  of  leucoc3rtes 
than  those  of  the  ordinary  vessels  of  the  cortical  substance ;  for 
whereas  in  the  latter  the  escaping  leucocytes  must  encounter 
the  outside  pressure  of  the  surrounding  tissues,  they  find  free 
exit  in  the  former,  and  pass  directly  into  the  imoccupied  spaces 
intervening  between  the  glomeruli  and  their  capsular  coverings. 
The  corpuscular  as  well  as  the  fluid  constituents  of  exudations 
tend  to  escape  and  accumulate  where  there  is  space  for  them ;  and 
it  is  accordingly  not  surprising  that  they  should  select  the  in- 
terior of  Bowman's  capsules  as  the  site  of  their  lodgment. 
Normally  the  glomeruli  do  not  entirely  fill  up  the  interior  of 
the  capsular  expansions  of  the  uriniferous  tilbules,  a  space  being 
left  for  the  escape  of  the  fluid  urinary  constituents  as  fast  as 
they  are  exuded  from  the  capillary  loops.  This  space,  empty 
save  for  the  escaping  urinary  fluid,  offers  a  favourable  situation 
for  the  diapedesis  and  accumulation  of  the  migratory  ceUs  which 
expel  the  fluid  and  occupy  its  place,  at  the  same  time  com- 
pressing the  glomeruli  and  producing  the  characteristic  clinical 
symptom  of  suppression  of  urine.    The  migration  of  leucocytes 
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from  the  glomerular  capillaries,  assisted  by  the  proliferation  of 
the  corpuscles  of  the  interglomerular  connectiye  tissue,  proceeds 
until  the  interior  of  Bowman's  capsules  is  filled  as  full  as  it  can 
hold  with  small-cell  structures.  The  capsules  themselves  are 
dense,  tough,  fibrous,  aud  practically  inelastic,  while  the  Mai- 
pighian  capillaries  are  compressible;  and,  accordingly,  the 
increasing  cell-accumulation  presently  abolishes  the  lumen  of 
the  vessels  by  outside  pressure,  and  renders  them  impervious  to 
the  passage  of  blood  Hence  the  excretory  functions  of  the 
kidney  are  interfered  with,  and  anuria,  uraemia,  and  acute  dropsy 
begin  to  develop  themselves. 

In  my  cases  the  coats  of  the  vessels  of  the  general  kidney 
stroma  were  quite  normal  No  germination  of  muscle  nuclei  in 
the  tunica  media,  or  hyaline  degeneration  of  the  intima,  as  re- 
corded by  Dr  Klein  {Trans.  Path.  Soc»  1877),  was  observed  in 
any  of  them.  The  outer  coat  also  appeared  perfectly  unchanged 
(see  fig.  5). 

Parenchymatous  changes  were  limited  to  those  tubules  in  the 
immediate  neighbourhood  of  the  Malpighian  bodies,  and  con« 
sisted  chiefly  in  fatty  degeneration  of  the  tubular  epitheliom, 
though  cloudy  swelling  and  granular  disintegration  were  also 
observed  in  a  few  instances. 

It  wUl  be  seen  that  the  specimens  included  in  the  foregoing 
description  approximate  more  or  less  closely  to  the  glomerulo- 
nephritic  kidney  of  Kleb^.  In  all  of  them  the  salient  feature 
was  the  excessive  cell  accumulation  inside  and  around  Bowman's 
capsules,  an  accumulation  which  was  evidently  responsible  for 
the  peculiar  clinical  symptoms.  But  in  one  kidney  from  the 
body  of  a  boy  eight  years  old,  who  died  in  the  Abeideen 
Infirmary  after  a  three  months'  illness  from  supposed  parenchy- 
matous nephritis,  the  morbid  appearances  were  found  in  many 
respects  analogous  to  those  described  by  Klein  in  his  paper  on 
the  morbid  anatomy  of  scarlatina,  to  which  I  have  previously 
referred  in  the  course  of  the  present  article.  During  his  resi- 
dence in  hospital  the  patient  suffered  from  albuminuria  and  a 
variable  amount  of  renal  dropsy.  I  am  not  aware  whether  cells 
or  casts  of  any  kind  were  present  in  the  urine.  The  albuminuria 
was  supposed  to  have  been  consequent  on  scarlet  fever ;  but  the 
history  previous  to  admission  was  doubtful    The  autopsy  was 
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made  by  my  friend,  Mr  Eodger,  Pathologist  to  the  Aberdeen 
Infirmary,  to  whose  kindness  I  am  indebted  for  the  specimen. 
The  liver  was  enlarged,  yellowish,  and  highly  fatty.  The 
kidneys  were  heavier  than  normal,  enlarged,  pale  in  colour,  and 
somewhat  dense  in  consistence^  Their  surface  was  smooth,  and 
the  capsule  stripped  oflf  easily.  The  other  organs  of  the  body 
presented  no  remarkable  changes. 

On  microscopical  exiamination  with  a  low  power  (Hart.  oc.  3, 
X  obj>  3),  the  Malpighian  bodies  were  seen  to  have  absorbed  the 
colouring  matters  (carmine  and  logwood)  with  great  avidity. 
Theit  capsules  were  thickened,  and  the  intertubular  septa  in 
their  neighbourhood  were  increased  in  width. 

Examination  with  a  high  power  (Hart.  oc.  3,  X  obj.  7)>  showed 
general  fibrous  thickening  of  Bowman's  capsules.  The  intersti^ 
tial  tissue  was  increased,  especially  around  the  Malpighian 
bodies,  and  included  tubules  more  or  less  empty)  compressed, 
and  atrophied.  The  Malpighian  bodies  themselves  had  under- 
gone extensive  fibrous  alterations.  Most  of  them  were  iisduced 
in  size,  the  vessels  of  the  glomeruli  being  impervious,  fibrous- 
looking,  and  wholly  or  partially  united  with  their  thickened 
capsules  into  a  solid  fibrous  mass  (see  fig.  3;  see  also  Klein, 
Tnms.  Path.  Soe.  1877,  pL  xxxiiL  fig.  7)*  Where  this  blend- 
ing was  incomplete,  the  vascular  loops  were  shrunken  and 
fibrous,  occupying  considerably  less  of  the  intracapsular  space 
than  those  of  normal  glomeruli.  The  interval  between  the 
shrunken  glomenili  and  their  capsules  was  occupied  by  a  few 
nuclear  bodies,  but  the  number  of  nuclei  inside  Bowman's  cap- 
sules was  not  by  any  means  excessive  (see  fig.  7).  Indeed,  in 
proportion  as  the  fibrous  changes  in  the  glomeruli  become  more 
complete,  the  number  of  cellular  bodies  inside  their  capsules 
appears  constantly  to  diminish, — a  phenomenon  noticeable  alike 
in  the  kidney  now  under  discussion,  and  also  in  the  others  pre- 
viously described,  and,  as  before  stated,  probably  partly  due  to 
direct  fibrous  transformation  of  the  cellular  accumulations  (see 
also  figs.  4  and  6). 

Individual  glomeruli  here  and  there  were  seen  in  various 
stages  of  colloid  or  hyaline  transformation.  Others,  together  with 
their  capsules,  were  completely  converted  into  fibrous  masses, 
interspersed  with  a  few  round  ceUs,  and  only  distinguishable  from 
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patched  of  increased  interstitial  tissue  by  the  preservation  of  an 
obscure  concentric  arrangement.  These  completely  metamor- 
phosed Malpighian  bodies  were  only  slightly  tinged  by  colouring 
matters.  Few  glomeruli  were  even  approximately  normal ;  and 
the  prolongation  of  life  for  three  months  imder  such  conditions 
is,  therefore,  the  more  noteworthy,  as  proving  what  serious  atnio- 
tural  alterations  may  sometimes  occur  in  the  kidneys  without 
inducing  an  immediately  fatal  result.  The  youth  of  the  patient, 
and  the  skilled  treatment  to  which  he  was  subjected,  probably 
operated  materially  in  retarding  the  eventual  untoward  issue. 

The  increased  intertubular  stroma  was  principally  of  a  finely 
fibrous  character,  though  in  some  situations  there  was  a  good 
deal  of  small-cell  infiltration  still  remaining  around  the  Mal- 
pighian bodies.  Indeed,  the  whole  aspect  of  the  changes,  both 
inside  Bowman's  capsules  and  in  the  general  interstitial  tissue, 
seemed  to  point  to  the  fibrous  transformation  of  a  previous 
small-cell  formation.  This  consideration  would  lead  us  to  re- 
gard the  case  as  a  later  stage  of  the  glomerulo-nephritiB  of 
Klebs.  In  all  my  other  specimens  the  greatest  cellular  increase 
was  found  inside  and  around  Bowman's  capsules ;  and  in  this 
kidney  the  fibrous  increase  was  greatest  also  in  these  situations, 
and  still  contained  a  variable  number  of  unaltered  round  cells, 
which  had  not  undergone  the  fibrillar  transformation. 

Many  of  the  uriniferous  tubules,  more  especially  the  convo- 
luted tubes  communicating  with  the  Malpighian  bodies,  were 
the  seat  of  intratubular  changes,  which  were  evidently  mere 
secondary  consequences  of  the  primary  glomerular  affection. 
We  have  already  stated  that  many  of  the  tubes  were  compressed 
and  atrophied  by  the  pressure  of  the  fibrous  interstitial  increase 
around  the  glomeruli  Others  were  more  or  less  completely 
denuded  of  their  epithelium;  in  others,  again,  the  epithelium 
was  in  a  state  of  fatty  or  granular  disintegration.  On  the  whole, 
however,  when  compared  with  the  changes  in  the  Malpighian 
bodies,  these  intratubular  alterations  were  comparatively  insig- 
nificant. 

If  this  description  be  compared  with  that  in  Dr  Klein's  paper 
(Trans,  Path.  Sac  1877),  the  many  points  of  close  resemblance 
will  be  sufficiently  obvious*  In  fact,  I  have  little  doubt  of  the 
substantial  identity  of  this  case  with  those  comprised  in  Dr 
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Klein's  series;  the  only  point  of  material  difference  being  in 
the  condition  of  the  coats  of  the  small  veins,  arterioles,  and 
capillaries  of  the  stroma,  which  in  my  specimen  were  perfectly 
normal  I  am,  consequently,  at  present  unable  to  concur  with 
Dr  Klein  in  the  importance  which  he  attaches  to  the  vasctdar 
alterations  in  relation  to  the  development  of  the  cUnical  pheno- 
mena. These  latter,  I  am  persuaded,  are  due  firstly  to 
compression  of  the  glomeruli  by  the  cell-aggregations  inside 
Bowman's  capsules,  as  supposed  by  Klebs ;  and  secondly,  to  the 
subsequent  fibrous  degeneration  with  which  these  compressed 
and  empty  glomeruli  are  presently  affected.  Both  processes  tend, 
firstly  to  obstruct,  and  subsequently  to  abolish  the  glomerular 
circulation,  whose  special  functions  are  connected  with  the  sepa- 
ration and  elimination  of  the  urinary  fluids,  and  probably  also 
of  a  certain  proportion  of  the  solid  constituents  likewise. 
Granted  the  accuracy  of  Klebs'  description  of  glomerulo- 
nephritis, and  the  feasibility  and  sufficiency  of  his  explanation 
of  the  cause  of  the  symptoms  during  life  can  hardly  be  ques- 
tioned. My  specimens  convince  me  of  the  correctness  of  the 
one,  and  I  am  therefore  prepared  to  accept  its  corollary  also. 


The  information  derived  from  the  study  of  such  specimens  as 
the  foregoing  is  not  without  significance,  as  bearing  on  that 
much  debated  cognate  subject — ^the  histogeny  of  interstitial  or 
granular  kidney.  The  great  diversity  of  opinion  among  path- 
ologists with  respect  to  its  origin  arises  principally  from  the  fact 
that  early  specimens  are  very  rare,  because  the  disease  in  its 
early  stages  is  very  seldom  fatal.  But  when  the  glomeruli  are 
affected,  the  condition  is  one  of  immediate  danger  to  life,  and  in 
such  kidneys  the  general  interstitial  lesions  are  often  seen  before 
sufficient  time  has  elapsed  to  allow  of  the  masking  of  the  essen- 
tial process  by  subsequent  changes.  They  are  therefore  pecu- 
liarly instructive,  since  they  act  as  it  were  as  the  grammar  or 
key  to  a  complicated  and  difficult  language. 

In  ordinary  specimens  of  granular  kidney  the  indications  of 
the  primary  source  of  the  interstitial  increase  are  so  doubtful 
as  to  admit  of  a  number  of  conflicting  interpretations.    Thus, 
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Dr  George  Johnson  considers  the  intratubular  lesions  as  the 
primary  and  essential  elements  in  the  process,  and  regards  the 
increase  in  the  stroma  as  merely  apparent,  and  produced  by  a 
shrinking  together  of  the  normal  framework  consequent  on  the 
destruction  of  the  tubes  and  their  epithelium.  Sir  W.  Gull  and 
Dr  Sutton  are  of  opinion  that  granular  kidney  is  but  part  and 
parcel  of  a  general  morbid  change  in  the  system,  characterised 
by  the  deposition  of  a  hyalin  or  hyalin-fibroid  material  in  the 
adventitia  of  the  arterioles,  and  a  hyalin  granular  change  in  the 
walls  of  the  capillaries.  MM.  Cornil  and  Banvier  attribute  the 
renal  changes  to  a  chronic  arteritis.  Again,  a  numerous  section  of 
British  and  Continental  pathologists  advocate  the  theory  of  a  true 
interstitial  nephritis,  consisting  in  an  infiltration  of  the  kidney 
stroma  with  migratory  leucocytes,  and  their  subsequent  trans- 
formation into  a  more  or  less  completely  formed  fibrillar  tissue. 

To  these  theories  yet  another  has  been  lately  added  by  Dr 
Bobert  Saundby.  At  a  meeting  of  the  Pathological  Society  of 
London,  held  on  Tuesday  the  16th  of  March  of  the  present 
year,  this  gentleman  exhibited  a  number  of  specimens  tending 
to  prove  that  the  changes  in  the  granular  kidney  begin  by  an 
active  proliferation  of  the  tubular  epithelium  and  a  filling  of  the 
tubules  with  free  nuclei.  He  further  supposes  that  the  nuclei 
of  the  proliferated  epithelium  become  converted  into  spindle 
cells  and  connective  tissue.  (See  reports  of  the  above  meeting 
in  LcvMxt  and  British  Medical  Journal,  March  27,  1880.)  So 
far  as  I  understand  the  report  of  his  statements,  he  is  of  opinion 
that  the  proliferated  epithelial  nuclei  traverse  the  basement 
membrane  of  the  tubules,  and  thus  migrate  into  the  stroma^ 
where  they  undergo  fusiform  and  fibrillar  changes  leading  to 
true  fibrous  increase  of  the  interstitial  tissue. 

This  supposed  fibrous  histogenesis  from  proliferated  epithelium 
is  so  remarkable  that  it  appears  to  merit  a  few  words  of  inde- 
pendent consideration,  before  we  proceed  to  discuss  the  question 
as  to  how  far  it  may  coincide  with  the  early  interstitial  appear- 
ances of  the  stroma  as  seen  in  glomerulo-nephritis.  The  idea, 
though  strange,  is  by  no  means  new.  Holm  {Wiener  Acad, 
Sitzungsb.  1867),  Dr  Wickham  Legg  (Barth,  Hasp.  Reports,  1872), 
MM.  Kiener  and  Kelsch  {Arch,  de  Phys,  1879),  and  Mr  D.  J. 
Hamilton  {Jaum.  Anat.  and  Phys,  Jan.  1880),  have  attempted  to 
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establish  an  analogous  origin  of  the  fibrous  tissue  of  cirrhotic 
liver  from  the  nuclei  of  the  hepatic  cells/  and  Dr  Creighton  has 
also  recorded  certain  indications  of  a  like  process  of  connective- 
tissue  formation  in  the  mamma.  Mr  Hamilton,  more  especially, 
expresses  himself  with  great  confidence  respecting  the  origin  of 
the  fibrous  tissue  in  hepatic  cirrhosis,  for  he  says : — 

"  The  absurdity  of  tracing  the  origin  of  the  cirrhotic  fibrous 
tissue  to  exuded  leucocytes,  as  has  been  affirmed  but  never  de- 
monstrated by  a  certain  school  of  pathologists,  only  requires  for 
its  detection  a  little  unbiassed  observation." 

Accordingly,  he  thus  summarises  the  resxdts  of  certain  ob- 
servations conducted  by  himself : — 

"  (a)  The  liver  cells  are  one  of  the  main  sources  of  the  fibrous 

tissue  developed  in  the  organ. 
''  (b)  The  first  visible  change  in  their  transformation  is  the 
enlargement  of  the  nucleus,  and  the  development  of  a 
nucleolus    and    intranuclear   plexus.      The  enlarged 
nucleus  then  divides,  and  this  is  almost  simultaneously 
followed  by  transverse  fission  of  the  whole  cell. 
"  (c)  Two  smaller  ceUs  thus  arise,  each  having  a  nucleus,  and 
these  nuclei  soon  grow  to  as  large  a  size  as  that  from 
which  they  sprung. 
"  (d)  The  periplast,  however,  does  not  increase  in  size  pari 
passu,  but  at  each  successive  division  becomes  smaller 
and  smaller,  until  finally  nothing  but  a  free  nucleus 
remains. 
"  (e)  This  free  nucleus  now  enters  upon  a  new  existence.     It 
becomes  oval,  and  from  its  free  border  a  fresh  periplast 
is  generated,  which  assumes  a  fusiform  shape. 
"  (J)  The  fusiform  or  spindle-shaped  periplast  now  splits  into 
a  number  of  fibrils,  and  becomes  more  elongated  and 
tapering  at.  the  extremities.    The  ultimate  result  is  the 
formation  of  a  bundle  of  white  fibrous  tissue  out  of 
these  fibrils,  the  nucleus  remaining  on  the  surface  aa 
the  nucleus  of  the  bundle." 
I  regret  that  it  is  somewhat  foreign  to  the  scope  of  the  present 
paper  to  enter  into  a  detailed  examination  of  the  grounds  on 
which  Mr  Hamilton  relies  in  support  of  his  theory.     One  or  two 
points,  however,  seem  to  call  for  passing  remark,  in  order  that 
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we  may  clearly  comprehend  all  the  issues  involved  in  the 
question. 

Firstly^  It  is  a  recognised  fact  that  the  nucleus  of  a  disin- 
tegrating cell  is  by  far  the  most  resistant  of  the  cell  constituents ; 
hence,  long  after  cells  have  become  disintegrated,  the  nuclei 
remain  behind  in  a  free  state,  and  are  apparently  but  little 
altered,  save  that  in  many  instances  their  capacity  for  absorbing 
vegetable  colouring  matters  is  materially  increased.  This  fact  is 
observable  in  the  kidney,  as  well  as  in  tiie  liver,  and  in  the 
former  organ  is  sometimes  extremely  characteristic,  much  mpre 
so,  according  to  my  experience,  than  in  the  latter.  For  instance, 
in  a  section  of  kidney  we  often  meet  with  tubules  in  transverse 
section,  whose  lining  epithelium  has  entirely  disappeared  save 
for  the  still  persistent  nuclei,  which  are  yet  visible,  clinging  to 
the  inside  wall  of  the  basement  membrane.  Their  power  of 
absorbing  staining  fluids  is  remarkable,  and  at  times  perfectly 
diagrammatic. 

The  same  appearance  is  observable  in  the  nuclei  of  the  epi- 
thelial investment  of  the  glomeruli,  more  especially  in  those 
glomeruli  which  are  becoming  homogeneous,  hyaline,  or  colloid, 
from  incipient  degenerative  changes.  This  last  fact  is  very  signi- 
ficant, and  seems  to  point  to  commencing  degeneration  as  a  cause 
of  the  heavy  coloration,  and  not,  as  Mr  Hamilton  supposes  in 
the  case  of  the  liver  cells  in  which  he  has  observed  a  similar 
phenomenon,  to  the  entry  of  the  nucleus  upon  a  new  stage  of 
existence.  On  the  contrary,  it  seems  rather  to  herald  the  ap- 
proach of  impending  dissolution. 

Further,  after  an  examination  of  many  hundreds  of  sections 
taken  from  an  extensive  series  of  specimens  of  interstitial 
nephritis,  I  have  never  seen  an  instance  of  any  approach  to 
fusiform  or  fibrillar  transformation  in  the  deeply-stained  nuclei 
adherent  to  the  inner  surface  of  the  basement  membrane  of 
tubules  whose  epithelium  has  become  disintegrated.  The  nuclei 
were  invariably  found  to  retain  their  pristine  form,  nor  did  they 
ever  exhibit  the  least  appearance  of  formative  activity.  Sur- 
rounded by  the  intact  and  much-thickened  basement  membrane, 
they  seemed  to  be  quietly  awaiting  their  euthanasia.  In  the 
similar  process  of  hepatic  cirrhosis,  the  liver  cells  become  dis- 
integrated and  disappear  in  the  same  way,  and  from  very  much. 
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the  same  causes  as  those  at  work  in  the  interstitial  kidney» 
namely,  interference  with  blood  supply,  and  direct  pressure, 
leading  to  impairment  of  vitality  and  function.  Just  as  in  the 
Iddney,  their  nuclei  are  the  lust  elements  to  undergo  disintegra- 
tion ;  and,  consequently,  we  frequently  meet  with  aggregations 
of  free  nuclei  in  the  midst  of  surrounding  cirrhotic  bands  as 
figured  by  Mr  Hamilton  {J(mm,  AtuU,  Phya.  Jan.  1880,  pi. 
viii,  fig.  1),  these  nuclei  being  identical  in  nature  and  appear- 
ance with  the  nuclei  of  other  cells  whose  protoplasm  is  still 
more  or  less  intact  They  also  somewhat  resemble  the  elements 
of  the  small-cell  infiltration  in  portions  of  cicatricial  tissue 
which  have  not  yet  become  fusiform  or  fibrous,  but  differ  from 
them  in  the  crowded  manner  in  whioh  they  are  huddled  together 
by  the  surrounding  process  of  contraction,  and  also  in  their 
larger  size,  denser  appearance,  and  greater  depth  of  coloration. 
They  are,  in  fact,  the  few  survivors  of  the  once  numerous  army 
of  liver  cells,  and  are  quite  insignificant  in  numbers  compared 
with  the  total  bulk  of  new  cicatricial  tissue,  whose  filial  and 
fatal  contraction  upon  them  they  are  passively  awaiting. 

Sometimes  a  very  few  of  these  nuclei  appear  to  have  been 
mechanically  compressed  into  an  approximate  spindle  shape,  but 
of  these  I  have  never  seen  more  than  perhaps  a  doaieu  at  the 
most  liberal  computation.  When  isolated  they  appear  to  be 
destitute  of  protoplasm,  mere  naked  nuclei  with  no  indication  of 
intranuclear  plexus,  so  far  as  my  observations  extend. 

In  the  liver,  however,  a  certain  dubiety  as  to  the  nature  and 
condition  of  these  nuclei  may  possibly  be  feasible,  on  account  of 
the  identity. of  their  anatomical  site  with  that  of  the  small-cell 
infiltration ;  but  in  the  kidney  this  doubt  is  removed,  for  the 
basement  membrane  of  the  denuded  and  atrophied  tubules  con- 
taining them  is  not  disintegrated  but  thickened,  and  they  are 
thus  unmistakably  marked  off  and  separated  from  the  surround- 
ing intertubular  round-cell  infiltration.  The  cells  of  the  latter 
evince  formative  and  differentiative  activity,  whereas  the  nuclei 
exhibit  no  changes  of  shape,  and  are  evidently  inert  and  passive. 

Secondly y  A  strong  inferential  aigument  is  afforded  against 
the  hypothesis  of  the  histogenesis  of  a  new  pathological  tissue 
from  the  nuclei  of  a  disintegrating  normal  one,  if  we  consider 
that  adherence  to  this  doctrine  must  perforce  necessitate  the 
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alteration  of  all  our  now  well-established  ideas  as  to  the  active 
portion  of  the  cell  constituents.  It  is  no  mere  hypothesis  that 
the  protoplasm  and  not  the  nucleus  is  the  active  element  of  the 
normal  animal  and  vegetable  cell ;  nor  is  it  less  certain  that  the 
phenomena  of  disease  involve  no  new  vital  processes,  either 
structural  or  functional,  which  are  distinct  in  kind,  and  have  not 
their  antitype  and  analogue  in  certain  corresponding  normal  ones. 
This  is,  in  fact,  one  of  the  fundamental  laws  of  modern  pathology; 
so  that  the  admission  of  the  histogeny  of  a  diseased  tissue  from 
the  nuclei  of  a  disintegrating  normal  one  implies  the  inevitable 
corollary  of  the  histogeny  of  new  normal  tissues  from  the  nuclei 
of  previously  existing  disintegrating  ones.  There  is  not  a  single 
process  of  abnormal  tissue  formation  which  is  radically  and 
essentially  distinct  in  kind  from  all  normal  ones,  for  both  normal 
and  diseased  processes  are  alike  manifestations  of  the  vitality 
and  functional  activity  of  the  tissues ;  the  only  difference  being 
that  the  former  are  indications  of  life  under  favourable  conditions 
the  latter  under  unfavourable.  If  this  be  not  so,  the  principles 
of  modem  pathology  are  radically  false.  Those  principles,  how- 
ever, will  hardly  be  overturned  by  the  presumptive  evidence  of 
•a  few  isolated  specimens.  Probability  would  rather  incline 
towards  a  possible  erroneous  interpretation  of  the  appearances 
observed  in  the  specimens  in  question. 

Thirdly,  In  the  case  of  the  liver,  the  histogenesis  of  fibrous 
tissue  from  the  hepatic  cells  would  appear  to  involve  a  breach  of 
the  embryological  law  of  Eemak.  Mr  Hamilton  attempts  to 
overcome  this  objection  by  assigning  a  mesoblastic  origin  to  the 
liver  cells.  He  considers  it  probable  that  the  branching  cylinders 
of  cells  in  the  embryonic  organ  are  developed  from  the  mass  of 
the  mesoblast  which  gathers  around  the  sac-like  offshoots  from 
the  primitive  duodenum.  This  is,  of  course,  possible,  for  I  am 
fully  aware  of  the  difficulties  attending  the  discovery  of  the  exact 
embryonic  source  of  the  tissues  of  the  abdominal  organs.  Of 
course  nothing  save  renewed  embryological  investigations  of  the 
most  careful  nature  can  definitely  settle  the  question;  but,  in 
the  meantime,  Mr  Hamilton's  hypothesis,  though  agreeable  to 
the  conclusions  of  Schenk,  runs  counter  to  the  researches  of  the 
principal  modern  embryologists.  Among  these  we  may  cite  the 
authority  of  Foster  and  Balfour,  who  state  that  the  cellular 
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elements  of  the  liver  are  derived  from  the  hypoblast,  the  meso- 
blastic  portions  being  mainly  differentiated  into  the  blood- 
vessels, and  the  fibrous  tissue  of  the  ducts.  This  objection  does 
not,  of  course,  apply  to  the  kidney,  in  favour  of  whose  meso- 
blastic  origin  there  is  a  general  consensus  of  opinion  on  the  part 
of  the  principal  modem  observers. 

Let  us,  however,  see  how  far  the  supposed  origin  of  the  fibrous 
increase  in  the  interstitial  stroma  of  the  granular  kidney  from  the 
nuolei  of  the  tubular  epithelium  agrees  with  the  facts  observed 
in  my  early  specimens  of  interstitial  lesions.  Patches  of  inter- 
stitial cell^infiltration  were  observed  in  their  initial  stages  in  all 
my  specimens  of  glomerulo-nephritis.  In  the  one  last  described 
the  round-cell  infiltration  was  in  process  of  conversion  into  the 
familiar  fibrous  tissue  of  interstitial  nephritis,  so  that,  by  the 
help  of  this  transitional  example,  I  am  enabled  to  trace  with 
tolerable  certainty  the  course  of  the  changes  which  result  in  the 
development  of  the  ordinary  forms  of  granular  kidney. 

In  the  common  forms  of  this  lesion  we  observe  that  the 
fibrotio  substance  is  most  abundant  around  the  Malpighian 
capsules,  along  the  path  of  the  vessels  of  the  general  stroma,  and 
immediately  under  the  capsule,  where  it  forms  cicatricial  bands 
running  into  the  cortical  substance  and  firmly  binding  the  oapsule 
to  its  periphery.  Now,  it  is  precisely  in  these  situations  that 
abundant  accumulations  of  umnistakahle  leucocytes  are  seen  in 
glomerulo-nephritis.  In  the  delicate  perivascular  tissue  around 
the  vessels  of  the  stroma,  numberless  leucocytes  are  seen  aggre- 
gated in  dense  masses,  immediately  outside  the  vessels  from 
which  they  have  migrated.  When  we  add  that  the  general 
tubular  epithelium  is  quite  normal  save  for  the  sporadic  foci  of 
fatty  and  granular  change  in  the  immediate  neighbourhood  of 
the  Malpighian  bodies  to  which  we  have  already  alluded,  the 
conclusion  appears  inevitable  that  the  fibrous  patches  of  the  later 
stages  of  interstitial  kidney  are  the  lineal  descendants  of  these 
masses  of  leucocytes, — uay,  the  very  leucocytes  themselves,  which 
have  undergone  fibrous  differentiation. 

Therefore  the  "  absurdity  of  tracing  the  origin  of  the  cirrhotic 
fibrous  tissue  to  extruded  blood  leucocytes  "  does  not,  at  least  in 
the  case  of  the  kidney,  appear  so  very  glaring. 
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Explanation  op  Plats  XXVIL 

Fig.  1  ( X  300).  A  Malpighian  body  from  the  kidney,  in  the  early 
stage  of  glomerulo-nephritis.  The  glomerulus  is  obsem^  by  a  small 
cell  accumulation.  Bowman's  capsule  is  thickened  at  one  portion  of  its 
circumference,  and  contains  a  few  round  cells.  A  similar  cell-infiltra- 
tion is  beginning  in  the  stroma  immediately  around  it.  The  uriniferoas 
tubules  and  their  epithelium  are  still  normal 

Fig.  2  ( X  50).  Glomerulo-nephritis  as  seen  with  a  low  power.  The 
Malpighian  bodies  appear  enlarged  and  prominent,  and  look  as  if 
sprinkled  with  fine  sand  The  tubules  are  normal,  but  the  small 
arteries  are  surrounded  by  a  dotted  margin  of  migrated  cells.  An 
accumulation  of  these  cells  is  beginning  in  the  stroma  immediately 
under  the  general  capsule. 

Fig.  3  (  X  400).  A  glomerulus  which  has  undergone  complete  fibrous 
transformation.  The  capillary  loops  are  blended  with  their  investing 
capsule,  and  are  completely  impervious.  The  small  cells  on  the  surface 
of  the  glomerulus  are  much  diminished  in  number.  The  epithelium  of 
the  uriniferous  tubule  communicating  with  the  fibrous  Malpighian 
body  is  fatty.  A  neighbouring  tubule  contains  leucocytes,  and  its 
epithelium  is  undergoing  granular  disintegration.  The  whole  Mal- 
pighian body  is  shrunken  and  diminished  in  siza 

Fig.  4  ( X  400).  A  Malpighian  body  with  thickened  capsule  and 
shrunken  semifibrous  capillary  loops.  The  round  cells  on  the  surface 
and  in  the  substance  of  the  glomerulus  are  diminished  in  niunber, 
though  not  so  much  as  in  fig.  3.  Outside  the  thickened  capsule  are  a 
number  of  round  cells. 

Fig.  5  ( X  250).  An  arteriole  from  the  stroma  of  the  cortex,  sur- 
rounded by  a  dense  accumulation  of  migrated  leucocytes.  The  coats 
of  the  vessel  are  normal  A  capillary  communicating  with  it  contains 
a  number  of  leucocytea 

Fig.  6  ( X  400).  A  fibrous  glomerulus,  impervious,  and  united  with 
its  thickened  capsule.  To  the  outside  of  the  capsule  is  a  dense  accumu- 
lation of  round  cells,  while  those  on  the  surface  of  the  glomerulus  are 
not  numerous.  Three  tubules,  close  to  the  affected  Malpighian  body, 
contain  fatty  epithelium  which  is  stained  deep  black  with  osmic  acid. 
Another  tubule  is  completely  deuudad  of  its  epithelium. 

Fig.  7  ( X  300).  A  Malpighian  body  from  the  kidney  of  the  boy  who 
died  in  the  Aberdeen  Infirmary.  The  glomerulus  is  much  shrunken, 
occupying  not  more  than  half  the  space  in  the  interior  of  its  capsule, 
which  is  thickened  and  fibrous.  A  few  epithelial-like  bodies  are  seen 
in  the  otherwise  empty  space  inside  the  capsule.  The  interstitial 
stroma  around  the  Malpighian  body  is  thickened  and  fibroua  The 
uriniferous  tubules  are  denuded  of  epithelium,  and  a  few  are  compressed 
and  shrunken. 

Fig.  8  ( X  300).  A  Malpighian  body  entirely  hidden  by  a  dense 
accumulation  of  small  cells. 
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THE  ANTAGONISM  OF  OPIUM  AND  BELLADONNA, 
ILLUSTRATED  BY  A  CASE  OF  ATTEMPTED 
SUICIDE.  By  J.  Goodall  Naismyth,  M.B.,  Fimlford, 
CowderibecUh,  Lochgelly. 

The  following  case  illustrates  the  antagonistic  action  of  Opium 
and  Belladonna  in  the  human  subject  I  was  sent  for  whilst  in 
the  village  of  Fordel  to  see  a  woman  said  to  be  very  iH  On 
visiting  the  house  I  found  the  woman  in  bed,  apparently  sleeping. 
The  smell  of  whisky  was  strong  in  her  breath.  I  asked  if  she 
had  been  drinking,  and  was  informed  that  she  had  about  three 
glasses  of  whisky  between  two  o'clock  and  the  time  I  saw  her — 
five  o'clock.  The  breathing  was  slightly  stertorous,  pulse  very 
weak,  skin  warm  and  moist,  face  livid  and  goiged.  On  examin- 
ing pupils,  found  they  were  dilated  and  insensible  to  light  The 
symptoms  struck  me  as  being  those  of  narcotic  poisoning,  and  by 
inquiry  found  that  a  quantity  of  laudanum  had  been  swallowed, 
probably  five  or  six  dram&  I  endeavoured  to  excite  vomiting, 
without  effect ;  also  endeavoured  to  rouse  the  patient  by  dashing 
cold  water  over  chest  and  face,  and  by  moving  her  about,  but 
all  without  the  very  slightest  effect  Several  points  struck 
me  as  peculiar;  first,  the  dilated  pupils,  and  second,  notwith- 
standing the  profound  insensibility,  the  breathing  was  veiy 
regular  and  easy.  I  asked  the  question  if  there  were  any  other 
drugs  in  the  house,  and  found  that  a  bottle  containing  a  solution 
of  two  grains  of  sulphate  of  atropia  to  half  ounce  of  water  was 
empty,  and  it  had  been  previously  full.  Here  was  an  explanation 
to  those  important  symptoms,  and  a  guide  to  the  treatment 

Another  point  in  the  case  of  importance  was,  that  notwith- 
standing the  general  muscular  relaxation,  there  was  rigidity  of 
the  muscles  of  the  jaw,  so  that  the  mouth  could  not  be  opened 
to  any  extent  An  important  question  to  decide  was  whether  it 
was  better  to  leave  the  case  alone,  or  by  forcible  measures  en- 
deavour to  remove  the  contents  of  the  stomacL  If  it  had  been 
possible,  I  do  not  think  the  case  would  have  terminated  so  favour- 
ably as  it  did,  as  the  proportion  of  solution  of  atropia  was  at 
least  one  to  twelve ;  and  even  although  the  stomach  hcul  been 
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almost  emptied  by  artificial  means,  we  could  still  imagine  as  much 
atropia  left  as  would  prove  fatal  from  belladonna  poisoning  alone, 
the  opium  having  been  removed. 

The  body  becoming  cool,  I  ordered  hot  bottles  to  the  feet  and 
sides,  and  enemata  of  milk  and  coflfee  to  be  given  every  hour  or 
so,  and  this  was  the  only  treatment  adopted.  Under  these 
measures  the  patient  gradually  came  out  of  the  comatose  state 
she  was  previously  in,  and  vomited  a  quantity  of  fluid.  Milk 
and  coffee  were  then  given  by  the  mouth,  and  in  the  course  of 
the  following  day  the  patient  was  pretty  well,  only  nervous  and 
easily  alarmed. 

Bemabks. 

The  action  of  belladona  and  opium  are  so  well  known  that  I 
do  not  need  to  refer  to  it,  only  to  bring  the  evidence  to  bear  on 
my  case. 

1.  The  state  of  Bespiration, — In  opium  poisoning,  of  course,  this 
is  the  most  dangerous  symptom — ^the  patient  generally  dying 
from  failure  of  respiration.  In  my  case,  the  respiration  gave  me 
no  concern,  as  it  was  carried  on  quite  well.  I  remember  another 
case  of  fatal  opium  poisoning,  where  I  continued  artificial  respi- 
ration for  about  six  hours,  and  only  kept  the  patient  breathing 
by  the  most  tedious  endeavours,  finally  to  be  disappointed. 

In  this  present  case  the  respiration,  I  believe,  was  kept  up  by 
the  atropia. 

2.  State  of  PupU, — The  rule  is,  of  course,  that  the  pupil  is 
contracted  in  opium  poisoning,  but  it  may  be  dilated,  or  one 
contracted  and  the  other  dilated,  as  mentioned  in  Taylor^s 
Medical  Jurigprudence.  But  in  a  case  like  mine,  where  the  dose 
of  opium  was  pretty  large,  a  state  of  contraction  was  the  result 
to  expect,  but  the  atropia  seemed  to  counterbalance  this  action 
on  the  pupil. 

3.  State  of  Musdes  of  Jaw. — I  do  not  know  why  this  should 
have  occurred,  the  action  of  both  opium  and  belladonna  on  the 
muscular  system  being  to  produce  relaxation  and  relieve  spasm, 
instead  of  causing  it 

4  The  action  of  the  alcohol  taken  must  be  taken  into 
account,  and  its  stimulant  effect  on  the  heart  and  circulation 
must  have  had  a  great  effect  in  the  recovery  of  the  woman. 
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I  do  not  think  that  the  two  antagonistic  drugs  could  have 
acted  in  their,  various  ways,  however  antagonistic  they  axe  in 
some  points,  if  there  had  not  been  a  cardiac  stimulant,  as  the 
whisky  was. 

5.  Another  important  point  She  vomited  (about  eight  hours 
after  having  taken  the  drugs)  both  whisky  and  laudanum, — 
judged  by  their  smell,  and  doubtless  also  the  atropia.  This 
shows  that  the  action  of  the  stomach  is  retarded  by  narcotism. 
Absorption  only  takes  place  to  a  limited  extent,  and  emetics 
or  stomach-pump  can  do  good  long  after  opium  has  been 
taken. 
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and  two  lines  from  before  backwards.  This  articulates  with  the 
facet  on  the  upper  surface  of  the  sustentaculum  taH  In  front 
of  the  roij^h  depression  is  the  lower  surface  of  the  head,  which 
ia  broader  from  side  to  side  than  from  before  backwards.  The 
surface  is  flat.  The  upper  surface  of  the  head  of  the  astragalo- 
scaphoid  is  convex  from  side  to  side  and  rough.  The  inner 
surface  is  roi^^h  and  non-articular ;  the  outer  surface  possesses 
a  facet  for  articulation  with  the  cuboid.  This  facet  encroaches 
upon  the  inferior  surface.  The  inferior  surface  is  partly  arti- 
cular and  partly  non-articular.  The  inner  two-thirds  is  rough 
and  non-articular,  the  outer  third  is  articular  and  is  occu- 
pied  by  the  facet  for  the  cuboid.  The  anterior  surface  is 
articular  and  has  three  facets,  each  wider  above  than  below. 
Ridges  separate  these  facets  one  from  the  other  and  the  outer 
facet  from  that  for  the  cuboid.  The  anterior  surface  is  convex 
from  side  to  side  and  from  above  downwards,  and  has  a  small 
non-articular  part  near  the  middle  of  the  lower  border.  Thus 
the  long  diameter  of  the  anterior  articular  surface  is  from  side 
to  side,  the  short  diameter  from  above  downwards,  its  inferior 
border  convex,  its  lower  border  slightly  concava  The  outer 
extremity  of  the  head  is  thicker  than  the  inner. 

The  OS  calcis  does  not  differ  much  from  the  ordinary  condi- 
tion of  this  bone.  The  upper  surface  is  partly  articular  and 
partly  non-articular.  The  large  posterior  facet  for  the  astra- 
galus is  convex  from  before  backwards  and  from  within 
outwards.  In  front  of  this  surface  is  a  roi^h  depression  which 
is  narrow  internally  and  behind,  and  so  wide  externally  as  to 
occupy  the  whole  of  the  anterior  portion  of  the  upper  surface. 
This  surface  gives  attachment  to  the  interosseus  ligament 
posteriorly.  Surmounting  the  sustentaculum  tali  is  a  facet 
which  articulates  with  a  corresponding  facet  on  the  astragalus. 
This  facet  is  separated  from  the  large  posterior  facet  on  the 
upper  surface  by  a  groova  The  anterior  surface  is  double 
curved,  and  articulates  with  the  cuboid.  The  remaining  surfaces 
present  no  features  of  interest. 

The  head  of  the  astragalo-scaphoid  is  received  into  a  cavity 
formed  by  the  three  cuneiform  and  the  cuboid.  The  articular 
surface  on  the  inner  part  of  the  latter  \y  ind  is 

placed  edge  to  edge  with  the  articular  6  ^terior 


THE  PEESENCE  OF  AN  ASTEAGALO-SCAPHOID  BONE 
IN  MAN.  By  R  J.  Anderson,  M.D.,  DemonstrcUor  of 
Anatomy,  Queen's  College,  Belfast. 

In  a  male  subject,  aged  34.  The  lower  extremities  are  well 
formed.  The  feet  are  small  and  well  shaped.  When  the  soft 
parts  of  the  right  foot  were  removed,  the  carpus  consisted  of  six 
bones — ^the  astragalo-scaphoid,  os  calcis,  cuboid,  and  three  cunei- 
form. The  astragalo-scaphoid  has  an  upper  surface  which  is 
articular  behind  and  non-articular  in  front  The  articular 
portion  occupies  rather  more  than  half  of  the  upper  surface,  it 
is  narrower  behind  than  in  front.  The  outer  margin  is  more 
prominent  than  the  inner.  The  anterior  and  outer  angle  of  the 
bone  is  cut  off  by  a  vertical  plane.  This  causes  the  anterior 
border  to  be  a  quarter  of  an  inch  narrower  than  the  transverse 
measurement  of  the  surface  half  an  inch  farther  back.  The 
anterior  portion  of  the  upper  surface  is  non-articular,  and  in 
front  reaches  the  head  of  the  bone ;  it  is  convex  from  side  to 
side,  and  perforated  by  numerous  foramina.  The  posterior 
surface  has  the  markings  usually  observed  on  the  posterior 
surface  of  the  astragalus.  The  external  surface  is  partly  arti- 
cular and  partly  non-articular.  The  articular  part  forms  a  trian- 
gular facet  with  which  the  fibula  articulates.  The  lower  part  of 
the  surface  is  bent  outwards,  so  that  the  surface  looks  upward  as 
well  as  outwards.  The  anterior  part  of  the  external  surface  is 
non-articular  and  corresponds  to  the  outer  portion  of  the  neck, 
which,  however,  is  not  so  weU  marked  as  in  the  astragalus. 
The  inner  surface  has  a  pyriform  articular  facet,  such  as  the 
astragalus  possesses.  A  rough  surface  is  situated  below,  and  a 
large  rough  surface  in  front  of  this.  The  inner  articular 
surface  is  more  prominent  than  that  on  the  outer  side  of  the 
bone. 

The  inferior  surface  has  a  large  facet  behind,  which  is  con- 
cave from  side  to  side,  and  articulates  with  the  facet  on  the 
upper  surface  of  the  os  calcis.  In  front  of  this  and  corresponding 
to  the  middle  third  of  the  inferior  surface  is  a  rough  depression. 
At  the  centre  of  this  depression  a  small  elevated  facet  is 
situated.    It  measures  a  quarter  of  an  inch  from  side  to  side. 
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and  two  lines  from  before  backwards.  This  articulates  with  the 
facet  on  the  upper  surface  of  the  sustentaculum  talL  In  front 
of  the  rough  depression  is  the  lower  surface  of  the  head,  which 
is  broader  from  side  to  side  than  from  before  backwards.  The 
surface  is  flat.  The  upper  surface  of  the  head  of  the  asta^alo- 
scaphoid  is  convex  from  side  to  side  and  rough.  The  izmer 
surface  is  rough  and  non-articular ;  the  outer  surface  possesses 
a  facet  for  articulation  with  the  cuboid.  This  facet  encroaches 
upon  the  inferior  surface.  The  inferior  surface  is  partly  arti- 
cular and  partly  non-articular.  The  inner  two-thirds  is  rough 
and  non-artioular,  the  outer  third  is  articular  and  is  occu- 
pied  by  the  facet  for  the  cuboid.  The  anterior  surface  is 
articular  and  has  three  fsusets,  each  wider  above  than  below. 
Bidges  separate  these  facets  one  from  the  other  and  the  outer 
facet  from  that  for  the  cuboid.  The  anterior  surface  is  convex 
from  side  to  side  and  from  above  downwards,  and  has  a  small 
non-articuiar  part  near  the  middle  of  th«  lower  border.  Thus 
the  long  diameter  of  the  anterior  articular  surface  is  from  side 
to  side,  the  short  diameter  from  above  downwards,  its  inferior 
border  convex,  its  lower  border  slightly  concave.  The  outer 
extremity  of  the  head  is  thicker  than  the  inner. 

The  OS  calcis  does  not  differ  much  from  the  ordinary  condi- 
tion of  this  bone.  The  upper  surface  is  partly  articular  and 
partly  non-articular.  The  large  posterior  facet  for  the  astra- 
galus is  convex  from  before  backwards  and  from  within 
outwards.  In  front  of  this  surface  is  a  rough  depression  which 
is  narrow  internally  and  behind,  and  so  wide  externally  as  to 
occupy  the  whole  of  the  anterior  portion  of  the  upper  surface. 
This  surface  gives  attachment  to  the  interosseus  ligament 
posteriorly.  Surmounting  the  sustentaculum  tali  is  a  facet 
which  articulates  with  a  corresponding  facet  on  the  astragalus. 
This  facet  is  separated  from  the  large  posterior  facet  on  the 
upper  surface  by  a  groove.  The  anterior  surface  is  double 
curved,  and  articulates  with  the  cuboid.  The  remaining  surfaces 
present  no  features  of  interest. 

The  head  of  the  astragalo-scaphoid  is  received  into  a  cavity 
formed  by  the  three  cuneiform  and  the  cuboid.  The  articular 
surface  on  the  inner  part  of  the  latter  bone  is  large,  and  is 
placed  edge  to  edge  with  the  articular  facet  on  the  posterior 
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part  of  the  external  cuneiform.  The  articular  surface  of  the 
internal  cuneiform  is  deeply  concave,  the  posterior  articular 
surface  of  the  middle  and  external  cuneiform  much  less  so. 
The  articular  facet  of  the  cuboid  is  concave,  and  separated  by  a 
ridge  from  the  articular  facet  for  the  external  cuneiform. 
Almost  the  entire  external  surface  of  the  cuboid  is  therefore 
articular. 

The  cuneiform,  cuboid,  metatarsal,  and  phalangeal  bones 
present  the  usual  characters. 

The  left  foot  possesses  likewise  six  tarsal  bones,  the  astragalus 
and  scaphoid  having  coalesced  to  form  a  single  bone.  The 
general  characters  are  those  of  the  astragalus  and  scaphoid 
united,  with  such  slight  deviations  from  the  form  as  exist  in  the 
right  lower  extremity.  No  line  of  division,  however,  shows  a 
trace  of  a  previous  separation  into  two  bones,  and  no  external 
signs  of  any  pathological  changes  are  present. 

A  section  of  the  left  astragalo-scaphoid  made  from  before 
backwards  shows  that  the  cancellous  tissue  resembles  that  of  the 
astragalus. 

An  increase  or  diminution  in  the  number  of  bones  in  the 
carpus  and  tarsus,  though  somewhat  unusual,  has  been  observed 
by  several  anatomists.  In  the  carpus  nine  bones  have  been 
observed,  the  place  of  the  scaphoid  has  been  occupied  by  two 
bones,  the  semilunar  has  been  replaced  by  two,  an  anterior  and 
a  posterior  (Smith),  and  the  internal  cuneiform  in  the  foot  by 
two.  A  ninth  bone  is  stated  by  Meckel  to  exist  sometimes 
between  the  os  magnum  and  the  trapezoid.^  The  radial  portion 
of  the  scaphoid  may  be  regarded  as  a  radial  scaphoid,  an  os 
centrale,  or  as  a  portictn  of  the  scaphoid  which  represents  the  os 
centrale. 

In  the  hand  the  cuboid  and  semilunar  have  been  found  united 
(R  Wagner)  f  in  the  foot  the  calcaneum  and  cuboid,  calcaneum 
and  scaphoid,  and  second  and  third  cuneiform  bones.  Bones  of 
the  sesamoid  variety  are  occasionally  found'  in  connection 
with  the  carpus  and  tarsus,  and  the  styloid  process  of  the  third 

^  Humphry,  A  Treatise  on  the  ffuTticm  Skeleton,  p.  80. 

*  Heusinger's  Zeitschrift.  t  iil.  p.  300.      Referred  to  by  Professor  Humphry 
In  op.  cit. 
'  Humphry,  op.  cU.  p.  80. 
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metacarpal  has  been  found  as  a  separate  ossicle  in  several 
instances.^ 

In  Camivora,  Cheiroptera,  and  many  rodents  {Mas,  Castor, 
HydrochtBrus),  and  in  many  insectivors,  a  scapho-lunar  bone  is 
present.  In  pteropus  of  the  Cheiroptera,  the  cimeiform  unites 
with  the  scapho-lunar  in  the  foot.^ 

In  Crocodilia  the  scaphoid  and  astragalus  coalesce  to  form  an 
astragalo-navicular  bone.  In  the  Chelonia,  whilst  in  the  hand 
we  have  nine  ossicles,  in  the  foot  of  chelone>  emys,  testudo, 
and  trionyx  the  centrale  is  united  with  the  astragalus,  and  in 
emys  the  calcaneum  coalesces  into  the  astragalus.' 

In  reviewing,  therefore,  the  various  conditions  of  the  bones  of 
the  tarsus  in  vertebrates,  it  is  seen  that  the  os  centrale  is  found 
united  with  the  cuboid  (tragulina  and  pecora)  with  the  astragalus 
(chelone),  and  in  some  cases  the  calcaneum  is  added  (emys). 

In  the  carpus,  the  scaphoid  and  lunar  unite  (Carnivora), 
scaphoid-lunar  and  cuboid  (pteropus),  scaphoid  and  trapezium 
(sloth  and  megatherium).^ 

In  comparing  the  bones  of  the  carpus  and  tarsus,  the  astra- 
galus may  be  regarded  as  the  homologue  of  the  lunar  (Yicq 
d'Azyr),  or  as  corresponding  to  the  united  scaphoid  and  semi- 
lunar (Gegenbaur).  The  scaphoid  in  the  foot,  on  the  other 
hand,  may  be  regarded  as  equivalent  to  the  scaphoid  in  the 
hand,  or  to  a  portion  of  the  scaphoid,  the  radial  portion  (of 
Gruber),*^  or,  lastly,  as  having  no  single  portion  of  bone  repre- 
senting it  in  the  human  carpus.  The  presence  of  the  divided 
scaphoid  in  the  case  of  man,  the  radial  portion  of  which  corre- 
sponds to  the  position  of  the  os  centrale  of  the  Quadrumana 
would  seem  to  favour  the  second  idea. 

In  the  case  noted  above  the  astragalo-navicular  would  then 
be  the  homologue  of  the  scapho-lunar  bone  of  the  carpus  of 
Camivora.  And  the  case  given  by  Wagner  of  the  union  of  the 
semilunar  and  cuboid  would  approach  the  condition  found  in  the 
carpus  of  pteropus,  and  be  similar  to  the  condition  in  the  tarsus 
of  certain  of  the  Lacertilia. 


^  Gruber,  Beobachtungen  cms  der  Menschlichen  und  Fergkichenden  Anatomic^ 
Heft  ii.  p.  37. 

•  Flower,  Osteology  of  Mammalia.      '  Hanley,  Anatomy  of  Vertebrates,  p.  200. 

*  Owen,  Na^re  of  LM>8,  *  Virchow*8  Ardhiv,  Band  Ixxiv.  p.  433. 


ON  THE  MODE  OF  HEALING  IN  WOUNDS  UNDER 
ANTISEPTIC  DRESSINGS.  By  David  Foulis,  M.D., 
PcUhologist  to  the  Boyal  Injurmary,  Olasgow, 

In  this  paper  I  propose  to  describe  the  changes  in  progress  in 
an  autiseptie  wound  healing  without  suppuration,  wifch  a  blood 
clot  lying  between  the  lips  of  the  wound  and  apparently  organis- 
ing. The  case  was  that  of  a  boy  aged  five  years,  on  whom 
osteotomy  was  performed  by  Dr  Macewen  in  January  1880. 
The  wound  healed  steadily,  but  the  boy  succumbed  to  an  attack 
of  diphtheria,  which  b^an  on  the  fifth,  and  proved  fatal  on  the 
twelfth  day  after  the  operation.  On  post-mortem  inspection  I 
found  caries  of  the  1st  and  2d  cervical  and  4th  lumbar  vertebrae, 
with  suppuration  at  both  of  these  places ;  false  membrane  coat- 
ing the  fauces,  larynx,  and  trachea ;  swelling  of  the  lymphatic 
glands  in  the  vicinity  of  the  pharynx ;  and  some  congestion  of 
various  viscera.  There  was  a  smaU  nearly  healed  wound  ^  inch 
long,  seated  about  1^  inch  above  the  lower  end  of  the  internal 
condyle  of  the  left  femur ;  this  wound  had  been  stitched  with 
catgut,  the  knot  of  one  of  the  stitches  being  still  in  siUu.  In  the 
subcutaneous  tissue  beneath  the  wound  was  a  small  reddish 
brown  blood  clot  extending  in  the  form  of  dark  red  blood  clot 
along  the  intermuscular  septa  and  connective  tissue  bundles. 
There  was  no  blood  below  the  periosteum,  which  had  been 
divided  opposite  to  the  cutaneous  wound,  where  also  the  shaft  of 
the  femur  had  been  cut  straight  across  (^  inch  above  the  epiphysal 
cartilage) ;  a  Uttle  blood  clot  lay  between  the  cut  surfaces  of  the 
bone.  The  periosteum  W£U3  intact,  except  on  the  internal  aspect 
of  the  bone.  The  case  was  complicated  by  the  occurrence  of  the 
diphtheritic  disease  in  the  throat,  but  no  trace  of  implication  of 
the  wound  could  be  discovered,  nor  have  I  any  reason  to  suspect 
that  the  wound  itself  ran  a  different  course  from  the  average 
antiseptic  wound.  It  presented  to  the  naked  eye  the  character- 
istic appearance  of  such  a  wound,  in  which  a  blood  clot  separating 
the  edges  had  slowly  become  vascular,  and  then  paler  on  the 
surface,  until  it  seemed  to  be  transformed  into  scar  tissue.  It 
was  interesting  to  discover  what  the  change  had  been  due  to ; 
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and  the  case  was  the  more  valuable,  as  patients  rarely  die  with 
so  small  an  antiseptic  wound  at  this  early  stage ;  while,  also,  the 
minute  changes  were  those  in  the  human  subject,  and  not  in  a 
lower  animal,  in  which  some  difference  might  be  looked  for.  I 
removed  the  wounded  part,  therefore,  very  carefully  en  bloc,  and 
placed  it  in  absolute  alcohol.  As  soon  as  it  was  sufl&ciently 
hardened  I  made  with  the  razor  a  series  of  transverse  sections 
to  display  every  part  of  the  wound ;  which  sections  were  coloured 
with  logwood,  and  mounted  in  gum-damar,  so  as  clearly  to  show 
out  the  untinted  red  blood  cells  and  debris  against  the  purple 
cells  and  tissue  round  them. 

The  wound  had  healed  over  at  both  ends,  and  there  the  rete 
malpighi  and  squamous  layers  (fig.  3)  were  quite  visible,  though 
devoid  of  subjacent  papillae,  the  dermis  being  represented  by  a 
layer  of  spindle-celled  tissue.  Below  this  spindle-celled  tissue 
lay  the  extravasated  blood  spread  out  along  the  connective  tissue 
septa.  Towards  the  centre  of  the  wound  the  picture  was  different. 
Here  the  blood-clot  and  adipose  tissue  lay  quite  close  to  the 
surface,  protected  only  (fig.  1)  by  a  thin  layer  of  round  cell 
tissue,  over  which  in  places  the  epithelial  layer  appeared  (fig.  2)  to 
be  spreading  from  the  edges  of  the  wound.  The  blood  cells  in  the 
clot  were  quite  intact  up  to  its  very  edge,  where  the  red  cells 
had  become  broken  down  into  debris.  All  round  every  part  of 
the  blood-clot  (figs.  1  and  4)  was  a  layer  of  cells  which  closely 
resembled  granulation  cells,  and  many  of  these  cells  had  in- 
filtrated the  clot.  In  the  tissues  round  the  clot  there  was  an 
abundant  cell  growth,  which  decreased  as  one  went  further  from 
the  clot,  and  at  a  short  distance  from  it  was  no  longer  seen. 
Under  a  high  power  these  cells  which  lay  in  the  edge  of  the  clot 
and  near  it  were  seen  to  be  full  of  yellow  granules,  like  the 
debris  of  the  blood  cells,  as  if  they  were  actively  taking  up  this 
debris.  It  was  evident,  on  careful  inspection  of  every  part  of 
the  clot,  that  it  was  slowly  diminishing  and  breaking  up  as  the 
cell  growth  advanced,  and  that  it  was  not  taking  any  share  in 
the  organisation,  except  as  a  mould  on  which  the  new  tissue 
might  feed  and  form.  It  was  encased,  in  fact,  in  a  layer  of 
round-celled  tissue,  which  I  will  call  granulation  tissue;  and 
this  differed  in  no  respect  from  ordinary  granulation  tissue  in 
antiseptic  wounds  (selected  for  comparison),  save  in  its  great 
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Fio.  1,— <Low  power ;  about  80  dkm.)  TreneiveMe  Teitical  section  acrora  centre 
of  wound,  showing  the  blood  clot  (ihaded)  Ijing  helow  a  coating  of  granol*- 
Uon  tismo,  which  also  covers  over  (at  M)  the  exposed  tat  ceUe.  The  fiit  eelb 
and  septa  round  the  blood  clot  are  infiltrated  with  round  cells,  and  tbo  clot 
itself  IB  encased  and  penetr»t«d  by  Bimilar  round  celln. ' 

TiQ.  3.— (Power  of  say  800  diam.)  A  part  (M)  of  the  same  section  as  in  fig.  1 
under  a  higher  power,  ehowing  how  the  fat  cells  are  encased  and  cohered  in 
by  round  celled  tissue,  which  in  turn  is  being  coated  over  by  an  advancing 
layer  of  epilhelitl  cells,  spreadiDg  from  the  ed^  of  the  wound. 


Fio.  3. — (Power  of  300  diam.)  Section  from  the  healed  end  of  the  woand,  in 
which  the  tete  malniglii  and  the  squamous  layers  are  seen  restored  ;  bat 
the  dermis  replaced  by  a  spindle -celled  tissue  devoid  of  papiUte. 

Fio.  4.— (Power  of  say  600  diam. )  Shows  the  edge  of  the  blood  clot,  with  tha 
new  (granulation  f)  round  cells  infiltrating  it.  The  blood  cells  of  the  clot  (st 
the  left  of  the  drawing)  ore  breaking  op  into  debris,  which  is  being  taken  up 
i,„  tk.  ™„„j  n^ii.      rin—  tr,  (j,g  ,;iot  these  round  cells  are  full  of  yellow 
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temtdty,  and  in  the  entire  ahsence  of  suppuration.  It  was  a  typical 
picture  of  perfectly  healthy  granulations,  free  from  any  sort  of 
abnormal  irritation,  with  the  cell  growth  kept  down  to  a  mini- 
mum, and  every  cell  in  the  granulations  utilised  for  the  healing 
process,  no  cells  being  thrown  ofi*  and  lost  as  pus.  Whether  the 
cells  which  formed  this  new  tissue  were  derived  from  leucocytes 
alone,  or,  as  I  think,  from  an  irritative  nuclear  growth  in  the 
tissues  near  the  clot  as  well,  I  will  not  here  discuss ;  it  is  sufficient 
for  my  purpose  to  indicate  the  very  close  resemblance  to  granu- 
lation tissue,  if  not  indeed  complete  identity  with  it. 

If  this  be  a  true  picture  of  the  progress  of  union  of  antiseptic 
wounds,  as  I  have  no  doubt  it  is,  then  the  process  is  essentially 
healing  by  granulation  without  suppuration,  and  it  is  not  an 
''  organisation  of  blood  clot."  I  am  aware  that  in  some  aseptic 
effusions  of  blood — e,g.,  on  the  lining  of  the  dura  mater — there 
is  an  attempt  at  organisation  of  blood  clot^  The  clot  in  such 
cases  is  soon  channelled  by  a  network  of  blood  capillaries ;  a 
certain  proliferation  of  leucocytes  in  it  goes  on,  and  the  fibrin  of 
the  clot  becomes  denser  and  more  distinctly  fibrillated.  But 
soon  the  blood  channels  are  obUterated,  the  cell  growth  ceases, 
and  after  months  or  years  we  have  a  pale  tough  layer  of  altered 
fibrin,  in  which  the  former  course  of  the  blood  channels  is 
marked  out  by  granules  of  hematin.  Such  a  half-organised 
layer  may  exist  possibly  in  some  antiseptic  wounds  also,  and  may 
remain  for  years  in  the  tissues.  But  if  the  case  above  described 
is  not  deceptive  in  some  way,  the  closure  of  the  woimd  and  the 
real  cicatrisation  is  usually  carried  on  by  a  thin  layer  of  granu- 
lation tissue,  which  surrounds  and  covers  in  the  clot,  and 
gradually  destroys  it. 

A  point  of  some  interest  still  remains  unsettled — ^viz.,  whether 
imder  any  circumstances  epithelial  cells  may,  without  the  inter- 
vention of  what  I  have  called  granulation  tissue,  creep  over  and 
cover  a  tissue,  be  it  tendon  or  adipose  tissue,  or  blood  clot,  &c., 
which  has  been  exposed  under  antiseptic  conditions  in  the 
human  body.  Some  surgeons  affirm  that  they  have  seen  this, 
and  certainly,  to  the  naked  eye,  it  looks  as  if  in  certain  wounds 
the  exposed  tissues  became  covered  in  by  epithelium  directly. 

^  See  paper  by  me  in  Editi.  Med.  JaurTuU,  May  1877,  "On  the  Behavionr  of 
Blood  Clot  in  Aseptic  Ck>ndiHon8." 
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But  hitherto  the  specimens  which  I  have  been  able  to  examine 
microscopically  have  all  showed  that  a  very  thin  layer  of  round- 
celled  tissue  precedes  the  layer  of  epithelial  cells.  That  layer 
may  not  be  visible  as  a  distinct  granulation  tissue  to  the  naked 
eye,  but  nevertheless  I  think  I  am  justified  in  giving  it  that 
title/  and  in  affirming  the  type  of  the  healing  of  antis^tic 
wounds  to  be  essentially  that  by  granulation  modified  by  the 
absence  of  irritation. 


SOCIETY  p:^ 

IVlfDICAL 

ON  THE.  RESPIEATOEY  MOVEMENTS  OF  FISHES 
(No.  1.).  By  Professor  M'Kendrick,  University  of  Glasgow. 
(Plate  XXVIIL) 

1.  In  the  course  of  some  investigations  on  the  conditions  of 
aquatic  respiration,^  I  counted  the  number  of  movements  of  the 
gill-covers  of  fishes  per  minute,  and  noted  also  the  character  of 
the  movement  It  soon  became  evident  even  to  the  eye  that  the 
movements  in  various  species  of  fishes  were  often  different,  both 
as  regards  rhythm  and  character.  This  led  to  an  attempt  to 
obtain  a  graphic  registration  of  these  movements,  and  after  over- 
coming several  experimental  difficulties,  I  at  last  succeeded  in 
devising  a  method  by  which  a  tracing  can  be  obtained. 

2.  At  first  I  tried  the  plan  of  laying  the  fish  on  its  side  in  a 
cavity  full  of  water,  in  a  thick  plate  of  vulcanite.  It  was  easy 
to  keep  a  supply  of  water  circulating  around  the  fish.  A  light 
lever  was  placed  on  the  gill-cover,  and  the  movement  communi- 
cated directly  to  the  surface  of  a  blackened  cylinder.  This 
method,  open  to  many  objections,  more  especially  the  unnatural 
position  of  the  fish,  and  the  possible  interference  with  the  move- 
ment of  the  gill  on  the  imder-side  of  the  fish,  was  soon  abandoned. 
Nezt,  I  made  use  of  an  arrangement  of  Marejr's  tambours,  and 
after  some  practice  with  it,  I  found  no  difficulty  in  transmitting 
very  delicate  movements  from  the  gill-cover,  whilst  the  fish  was 
in  its  natural  position.  I  place  the  fish  in  its  natural  position 
in  a  narrow  trough  of  lead,  16  inches  in  length,  4  in  breadth, 
and  4  in  depth,  and  arrangements  are  made  for  keeping  up  a 
constant  stream  of  water.  To  keep  the  fish  in  position  (if  it  be 
a  small  one)  long  pieces  of  cotton-wool  or  yam  are  sometimes 
placed  around  it,  and  usually  it  does  not  require  to  be  held.  A 
fish  will  often  remain  motioaless  if  the  simple  expedient  be 
adopted  of  layiug  a  mass  of  wet  cotton-wool  over  its  eyes.  Some- 
times a  fish  may  be  very  restless,  and  it  may  be  difficult  to  get 
a  continuous  tracing  for  more  than  half  a  minute  at  a  time.  The 
tracing  is  obtained  as  follows : — A  stand  is  placed  beside  the 
trough  bearing  a  series  of  arms,  having  adapting  screws,  and 
to  one  of  the  arms  a  small  tambour  is  attached.    By  means  of 

}  Being  carried  out  with  the  assistance  of  a  grant  from  the  Royal  Society. 
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the  arms  and  screws,  movement  in  any  direction  is  secured. 
Attached  to  the  lever  of  the  tambour  there  is  a  flat  plate  of  metal 
or  "  button,"  about  a  quarter  of  an  inch  in  breadth.  An  india- 
rubber  tube,  about  4  feet  in  length,  passes  from  this  t-ambour  to 
another  tambour,  and  by  the  movement  of  the  lever  of  the  latter 
a  tracing  is  obtained  on  a  cylinder  moving  horizontally.  When 
ready  for  the  experiment,  the  transmitting  tambour  is  so  adjusted 
that  the  button  comes  into  contact  with  the  gill-cover,  pressing 
upon  it  very  gently,  and  by  means  of  fine  adjustment  screws,  the 
pressure  can  be  regulated  until  the  lever  of  the  recording  tambour 
is  seen  to  move  freely.  The  latter  is  then  brought  down  upon 
the  surface  of  the  cylinder  and  a  tracing  is  obtained.  Frequently 
the  fish  in  making  a  struggle,  or  in  attempting  to  turn  round, 
may  disarrange  the  apparatus,  and  adjustments  must  be  again 
made  before  taking  a  fresh  tracing.  The  advantages  of  the 
method  are  thaTSf  fish  is  in  a  natural  position,  and  under  no 
undue  restraint,  and  there  is  no  excess  of  pressure  on  the  gill- 
cover,  which  is  allowed  to  move  freely.  A  chronographic  tracing 
is  taken  at  the  same  time,  a  metronome  interrupting  the  current 
three  times  in  a  second. 

3.  By  the  method  above  described,  I  have  taken  tracings  from 
the  following  fishes : — Tench  {Tinea),  Perch  {Perca),  Pike  (Esox), 
Fresh-water  Eel  {Anguilla),  Loach  (Cobitis),  Dace  {Leudscus 
vtU^aris),  Minnow  (LetLcisctts  phoxinvs),  Prussian  Carp  (Cyprtnus 
gebelio),  Gold  Carp  (Cyprinus  auratiLs),  Whiting  {Merlangus)^ 
Cod  {Morrhua),  Saithe  {Merlangtis  carbonarivs),  Flounder 
(Platessa),  Herring  {Clupea),  Dog-fish  (AcarUhias),  John  Dory 
(Zem),  Eockling  (Motella),  Wrasse  (Ldbrtcs),  Lump-fish  (Cydop- 
tervs),  and  Stickleback  {Gasterosteus),  For  specimens  of  the 
tracings,  see  Plate  XXVII 1. 

4  The  tracings  are  to  be  read  from  right  to  left  in  the  direction 
of  the  arrows.  The  down-stroke,  marked  by  the  small  arrow  a, 
is  in  all  cases  the  hue  made  by  the  point  of  the  recording  lever 
when  the  gill  was  opened ;  and  the  up-stroke,  marked  by  the 
small  arrow  &,  represents  the  movement  when  the  gill  was  closed. 
The  time  occupied  by  a  complete  respiratory  movement  is 
indicated  by  the  distance  between  the  points  c  and  d  in  tracing 
No.  1,  and  so  with  regard  to  all  the  other  tracings,  except  No.  10. 
This  time  may  be  measured  by  the  chronographic  scale  No.  23. 
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5.  The  following  table  shows  the  rate  of  the  respiratory  move- 
ments in  these  fishes : — 


Time  occupied 

No.  of 

Length  of 
Fish  in 

by  one  respira- 

Number of 

tracing 

Name  of  Fish. 

tion  in  thirds 

respirations 

in  Plate. 

inches. 

and  sixths  of  a 
second. 

per  minute. 

1. 

Tench, . 

12 

i 

45 

2. 

Perch,  . 

6 

*+* 

51 

3. 

Pike,    . 

14 

t 

36 

4. 

Frefth-water  Ed,  . 

24 

t+* 

32 

5. 

Loach,  . 

3 

\ 

90 

6. 

Dace,    . 

4 

f+* 

72 

7. 

Minnow, 

2 

*+* 

120 

8. 

Prussian  Carp, 

3 

*  +  l 

40 

9. 

Golden  Carp, 

6 

» 

60 

11. 

Whiting,       . 

12 

i+* 

27 

12. 

Cod,     . 

14 

* 

36 

13. 

Saithe, . 

11 

1 

45 

14. 

Flounder, 

7 

t+i 

40 

16. 

Herrinff, 
Dog-fisl^ 

7 

» 

90 

16. 

14 

1 

36 

17. 

John  Dory, 

8 

1 

22 

18. 

Rockling, 

10 

V 

15 

19. 

Common  Wrasse,  . 

11 

} 

60 

20. 

Blue  Wrasse, 

9 

V 

16 

21. 

Stickleback, . 

H 

i+i 

120 

22. 

Lump-fish,     . 

4 

i 

60 

This  table  shows  approximately  the  rate  of  breathing  of  these 
fishes  in  similar  circumstances.  It  will  be  seen  that  the  rate 
varies  from  15  per  minute  in  the  Eockling  and  Blue  Wrasse  to 
120  in  the  Minnow  and  Stickleback.  It  is  remarkable  that  the 
two  specimens  of  Wrasse  should  be  so  different  in  rate  of 
breathing.  On  carefully  watching  a  fish  at  rest,  say  in  a  large 
tank  with  nothing  to  disturb  it,  I  have  noticed  that  the  slow 
breathers  especially  seem  to  have  a  considerable  amount  of 
control  over  their  respiratory  movements.  The  fish  may  be 
seen  to  breathe  hurriedly  for  an  instant  or  two  and  then  cease 
breathing,  or  breathe  irregularly  for  a  time.  Whether  this  is 
voluntary,  or  whether  it  is  a  condition  similar  to  apnoea,  I 
cannot  at  present  say ;  but  it  may  be  affirmed  that  when  there 
is  a  deficiency  of  oxygen  in  the  water  the  fish  breathes  hurriedly. 
There  is  little  doubt  considerable  variations,  as  regards  rate  of 
breathing,  might  be  found  amongst  different  individuals  of  the 
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same  species,  in  different  conditions  and  of  different  ages,  and 
the  figures  I  have  given  above  are  merely  approximative,  and 
are  what  was  ascertained  in  certain  specified  conditions. 

6.  The  most  striking  feature  of  these  curves,  however,  is  their 
diversity  of  form.  When  I  began  the  research  this  result  was 
not  expected,  and  it  was  with  the  greatest  interest  I  found  that 
each  species  seemed  to  have  a  form  of  its  own,  or,  at  all  events, 
to  present  some  slight  modifications  from  that  of  others. 

7.  In  fig.  10,  Plate  XXVIIL,  I  have  given  a  copy  of  a  portion  of 
a  tracing  taken  from  a  Gold  Carp,  with  a  rapid  movement  of  the 
cylinder,  as  indicated  by  the  chronographic  tracing.  It  will  be 
seen  that  the  opening  of  the  gUl  occupies  a  shoiter  time  than  the 
closing,  and  that  the  opening  is  abnost  a  uniform  movement, 
whilst  during  the  closing  there  is  a  kind  of  dicrotism  or  doable 
movement,  indicated  by  the  form  of  the  curve.  In  another 
tracing,  not  given  in  the  plate,  I  took  the  movement  on  a 
cyUnder  moving  with  great  rapidity,  and  time  was  recorded  in 
|-^ths  of  a  second,  with  the  following  result : — 

Time  occupied  by  opening  of  gill,   .         .         .  ^^ 

Period  during  which  the  gill  remained  open,    .  i^ 

Time  occupied  by  closure  of  gill,     .         .         .  -^^ 

Period  during  which  the  gill  remained  closed,  -^^ 

Total  time  of  complete  respiratory  cycle,     .         \^ 

ilepetitions  of  this  experiment  gave  similar  results,  and 
although  no  undue  stress  need  be  laid  on  the  figures,  they  evi- 
dently show  (1)  that  the  gill  (in  the  Ooldfish)  opens  in  a  shorter 
time  than  it  closes,  and  (2)  that  there  are  two  pauses  in  the 
movements — one  when  the  gill-covers  are  fully  opened,  and  the 
other  when  they  are  fully  closed. 

8.  But  what  has  just  been  pointed  out  with  reference  to  the 
Golden  Carp  does  not  apply  to  many  other  fishes.  For  example, 
in  the  Perch  (2),  the  time  occupied  by  the  opening  is  longer  thaii 
by  the  closing,  the  reverse  of  the  GoldfisL  The  same  is  seen  in 
the  Whiting  (11),  the  Flounder  (14),  the  Dog-fish  (16>,  the  John 
Dory  (17),  the  Eockling  (18),  the  Blue  Wrasse  (20),  and  in  the 
Lump-fish  (22).  It  is  most  marked  in  the  Perch  and  Whiting. 
Again,  in  the  Loach  (5),  the  Dace  (6),  the  Minnow  (7),  tiie  Cod 
(12),  the  Saithe  (13),  the  Herring  (16),  the  Common  Wrasse  (19), 
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and  the  Stickleback  (21),  the  periods  of  opening  and  closing  are 
about  eqnal. 

9.  The  form  of  the  curves  presents  many  peculiarities.  Thus 
the  "  dicrotism  "  (shown  by  the  undulation  of  the  curve)  is  seen 
during  the  dosing  of  the  gill  in  the  Tench  (1),  Fresh-water  Eel  (4), 
Minnow  (5),  Gold  Carp  (9),  Herring  (15),  and  during  the  opening 
in  the  Whiting  (11),  Flounder  (14),  Dog-fish  (16),  Eockling  (18), 
and  Lump-fish  (22).  On  examining  the  original  curves  with  a 
magnifying  glass,  it  can  be  seen  that  in  no  instance  is  the  move- 
ment either  of  opening  or  closing  quite  regular,  and  if  there  be 
no  indication  of  "  dicrotism ''  in  the  opening,  it  will  be  found  in 
the  closing,  and  vice  verm.  It  is  interesting  to  observe  the 
character  of  the  movement  in  the  Pike  (3),  where  the  opening 
curve  is  convex,  indicating  an  acceleration  and  diminution  of 
muscular  effort,  and  the  closing  curve  slightly  concave.  A  some- 
what similar  action  is  seen  in  the  John  Dory  (17),  but  in  this  case 
the  opening  curve  is  concave.  In  the  Dace  (6)  I  have  always 
found  the  notch  in  the  apex — ^that  is,  at  the  moment  the  gill  has 
been  closed.  The  plate  fails  in  giving  an  adequate  notion  of  the 
regularity  of  the  curve  from  this  fish,  and  I  am  inclined  to  think 
it  is  the  "  dicrotic  "  curve  seen  in  the  Tench  (1)  and  Gold  Carp 
(9)  coining  in  later  than  in  these  fishes.  The  curve  of  the 
Minnow  (7)  shows  a  slight  "  dicrotism  **  during  the  closing,  and 
it  also  is  near  the  apex. 

10.  By  the  mechanical  arrangements  above  described,  the 
movements  of  the  gill-covers  were  amplified  ten  times,  and  the 
same  arrangements  apply  to  all  the  tracings  shown  in  the  plate. 
It  will  be  seen  that  the  amplitude  of  the  movement  of  the  gill- 
cover  shows  striking  differences.  There  is  evidently  no  very 
direct  relation  between  the  size  of  the  fish  and  the  amount  of 
movement.  Thus  a  Pike  (3),  14  inches  in  length,  and  a  Wlntiug 
(11),  12  inches,  do  not  give  movements  of  much  amplitude,  not 
fax  exceeding  those  of  a  small  Minnow  (7),  2  inches,  or  a  Stickle- 
back (21),  2^  inches.  With  some  fishes  I  found  great  dif&culty. 
The  amplitude  of  movement  of  the  gill-covers  of  the  Herring,  for 
example,  is  so  small,  and  the  force  so  weak,  that  it  was  with 
great  dif&culty,  and  after  many  failures,  that  I  got  a  fair  tracing. 
On  the  other  hand,  the  little  Minnows  move  their  gill-covers 
through  so  great  a  distance  comparatively,  and  with  such  force, 
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as  to  make  it  easy  to  get  a  record.  The  movement  in  the  Dog- 
fish was  also  troublesome  to  record,  as  it  had  more  the  character 
of  an  undulation  than  a  stroke.  From  this  fish  I  obtained 
tracings  by  placing  the  ^'  button "  of  the  transmitting  tambour 
(1)  over  the  gill  openings^  (2)  about  |  an  inch  to  the  inner  side 
of  the  openings,  and  (3)  over  the  lower  part  of  the  throat,  and  in 
all  situations  the  curve  obtained  was  the  same. 

11.  I  have  not  yet  attempted  an  investigation  of  the  nervous, 
muscular,  and  elastic  arrangements  by  which  these  movements 
are  produced.  It  is  clear,  however,  that  they  must  differ  in 
many  species  of  fishes,  and  that  they  are  adapted  to  the  neces- 
sities of  the  organism*  Only  a  very  lengthened  research  can 
work  out  the  problems  of  branchial  respiration,  such  as  the 
relations,  if  any,  between  the  number  of  branchial  processes,  the 
capacity  of  the  branchial  chamber,  the  force  and  rhythm  of  the 
heart,  and  the  mechanism  by  which  the  branchial  currents  are 
produced.^ 

'  I  liaye  to  thank  Mr  Paton,  F.L.S.,  curator  of  the  Museum,  West-End  Park, 
Glasgow,  and  the  Manager  of  the  Aquarium  at  Botheaay  for  allowing  me  the  use 
of  fishes  in  this  research.  The  Directors  of  the  Rothesay  Aquarium  are  anxious  to 
give  every  facility  which  their  establishment  can  afford  for  the  prosecution  oi 
scientific  work. 
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ON  SOME  POINTS  IN  THE  ANATOMY  OF  THE  POE- 
POISE  {PHOGJBNA  COMMUNIS).  By  George  Bond 
Howes,  Demonstrator  of  Biology  in  the  JRoycU  School  of  Mines. 
(Plate  XXIX.) 

I  HAD  placed  at  my  disposal  last  summer,  througli  the  kindness 
of  Professor  Parker,  F.E.S.,  the  carcase  of  a  foetal  Porpoise,^  and 
while  dissecting  it  some  structures  have  come  under  my  notice, 
of  which  I  fail  to  find  any  account  among  the  many  elaborate 
monographs  devoted  to  cetology. 

The  specimen  was  that  of  a  male,  evidently  nearing  the  time 
of  its  delivery,  and  measuring  (following  the  curve  of  the  body 
along  the  dorsal  middle  line)  22  inches  in  length.  The  integu- 
ment which  covered  the  anterior  part  of  the  head  had  been 
removed,  but  Mr  Buckland's  description  shows  that  there  were 
two  "  whiskers "  present  upon  each  side  of  the  nose,  and  that 
the  eyes  were  open. 

Situated  in  a  line  with  and  an  inch  and  a  quarter  behind  the 
eye  was  to  be  found  the  external  auditory  aperture,  into  which 
a  fine  bristle  could  be  readily  passed.  Overhanging  this  aper- 
ture there  was  a  filamentous  process  of  the  integument  which 
measured  a  quarter  of  an  inch  in  length,  its  pointed  extremity 
being  turned  forwards,  while  behind  it  became  somewhat 
broadened,  fading  oflf  into  that  covering  the  head. 

This  structure  was  perfectly  symmetrical  upon  both  sides  of 
the  body,  and  is  represented  in  fig.  1  as  seen  on  the  right  side, 
the  external  auditory  aperture  being  indicated  by  a  dot  seen 
through  it.  That  it  represents  a  rudiment  of  the  pinna  of  the 
external  ear  there  can  be  no  doubt,  and,  so  far  as  my  knowledge 
carries  ine,  no  such  organ  has  before  been  observed  among  the 
Cetacea.  Wyman,  however,  in  describing  the  anatomy  of 
Beluga,^  found  the  external  auditory  aperture  capable  of  admit- 

'  By  him  received  £rom  Mr  F.  Backland,  who  has  recorded  its  capture  in  Land 
and  Water  for  April  26,  1879. 

«  Wyman,  **  Description  of  a  White  Fish  or  White  Whale  {Beluga  horealis)," 
Boston  Journal  of  Nat.  Hist.  yoL  vii. 
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ting  a  bristle  and  "  surrounded  by  a  very  slight  elevation  of  the 

integument." 

I  have,  through  the  kindness  of  Professor  Huxley,  examined 

the  auditory  aperture  of  a  foetal  Beluga,  the  specimen  being 

that  of  a  female,  measuring  13  inches  in  length,  and  hence  much 

younger  than  the  porpoise  just  described. 

The  external  ear  opens,  in  this  creature,  a  little  above  and 
three  quarters  of  an  inch  behind  the  eye,  by  a  minute  slit-like 
aperture,  somewhat  crescentic  in  shape,  and  having  its  concavity 
turned  forwards ;  there  projects  out  of  this  aperture  a  delicate 
filamentous  process,  having  the  same  general  appearance  as  that 
observed  in  the  Porpoise,  save  that  it  i3  more  slender  and 
appears  to  spring  from  the  integument  forming  the  posterior  lip 
of  the  aperture,  rather  than  altogether  behind  it  It  is  repre- 
sented in  fig.  2  as  seen  on  the  right  side,  being  relatively  longer 
upon  the  left.  In  a  second  foetal  porpoise,  of  the  same  absolute 
size  as  this  Beluga,  I  could  find  no  trace  of  the  pinna,  the  audi- 
tory aperture  being  excessively  small  and  demonstrable  only 
with  some  difiBculty, 

The  like  is  true  of  a  young  male  about  two-thirds  grown,  but 
in  two  other  specimens,  the  one  an  old  female  (from  which  the 
smaller  of  the  two  foetal  specimens  was  taken)  and  the  other  a 
younger  female,  measuring  respectively  5  feet  10  inches  and 
4  feet  6  inches  in  length,  I  have  observed  the  pinna  to  be 
present,  curiously  upon  the  right  side  only,  neither  of  them  pre- 
senting any  trace  of  it  upon  the  left.  The  latter  of  these  is 
further  interesting  (see  fig.  2)  from  the  fact  that  the  external 
auditory  aperture  of  the  side  bearing  the  pinna,  opens  by  a 
somewhat  expanded  and  funnel-shaped  mouth,  that  of  the 
opposite  side  being  quite  small. 

In  both  of  these  the  pinna  was  much  smaller  than  in  the 
foetal  specimen.  I  have  failed  to  discover  aught  else  than  a 
few  fatty  connective  tissue  fibres  in  two  of  the  pinnse  examined 
microscopically,  as  also  to  observe  any  such  rudiment  in  foetal 
specimens  of  DdphiniLS  leucapUis,  two  dolphins  (?  spec),  and 
Megaptera} 

In  an  account  of  the  anatomy  of  the  auditory  organ  of  the 

^  These  specimens  and  that  of  the  young  male  Porpoise,  are  in  the  keeping  of 
the  Zool  Dept,  British  Museum. 
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Cetacea,  Professor  Owen  having  described  the  course  of  the 
meatus  auditorius  extemus,  states^  that  "its  walls  are,  in  the 
subcutaneous  part  of  its  course,  strengthened  by  a  few  longi- 
tudinal cartilages  with  elastic  connections,  allowing  of  slight 
changes  in  length  and  disposition."  The  excessively  tough 
nature  of  the  "blubber"  in  this  region,  together  with  the  deli- 
cacy of  these  structures,  offer  considerable  obstacles  to  ordinary 
methods  of  dissection ;  but  I  am  satisfied  that  whatever  may  be 
their  meaning,  some  of  them  at  least  are  direct  tubular  out- 
growths of  the  cartilaginous  meatus,  and  take  an  irregular  course 
through  the  tissue  surrounding  that  tube,  ending  in  some  cases 
in  a  slightly  expanded  and  flattened  extremity. 

Describing  the  respiratory  apparatus  in  the  Porpoise,  Pro- 
lessor  Huxley  states^  that  "the  epiglottis  in  front  and  the 
s^ytenoid  cartilages  behind  are  prolonged  into  a  tapering  tube, 
dilated  at  its  summit  into  a  knob."  Here  follows  an  account  of 
the  relations  borne  by  the  glottis  to  the  nasal  chamber  and  soft 
palate,  but,  so  far  as  the  description  of  the  cartilages  is  con- 
cerned, it  agrees  in  the  main  with  all  others  of  the  "prolonged  " 
cetacean  larynx  v^ith  which  I  am  acquainted.  Dr  Watson  and 
Mr  Young,  however,  in  a  recently  published  monograph  upon 
the  anatomy  of  the  Northern  Beluga  {Bduga  catodorC)^  have 
disctissed  fully  the  morphology  of  the  larynx  and  its  muscles ; 
and,  concerning  the  arytenoid  cartilages,  they  state  that  "  the 
posterior  border  of  each  cartilage  is  straight  as  far  down  as  the 
articular  surf ace^  below  which  it  curves  outvmrds,  downwards, 
and  then  inwards  towards  the  interior  of  the  larynx,  where  it 
recurves  upon  itself.  Situated  upon  this  border  is  a  well-defined 
tubercle,  marked  on  its  internal,  aspect  by  an  articular  surface, 
by  means  of  which  the  arytenoid  articulates  with  the  cricoid. 
From  the  tubercle  a  ridge  extends  upwards,  the  lov^r  part  of 
which  affords  attachment  by  means  of  a  fibrous  membrane  to 
the  basal  portion  of  the  epiglottic  cartilage.  The  cartilages  of 
Santorini  and  Wrisberg  are  entirely  absent 

It  is  chiefly  to  this  "  tubercle  "  that  I  wish  to  draw  attention, 
the  accoimt  quoted  leaves  one  in  doubt  as  to  whether  it  is  a 

^  Owen,  AtuU,  cmd  Physiology  of  the  Vertebrata,  yoL  iii.  p.  .224^ 

2  Jnai.  of  V&rUb,  AnimalSy  p»  409. 

>  Trans.  Soyal  Soo.  ofMMurgh,  vol,  xxix.p,  414. 
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distinct  nodule  or  not,  while  the  accompanjdng  figure  ^  rather 
favours  the  supposition  that  it  is.     However  that  may  be,  the 
cartilage  regarded  as  arytenoid  in  the  Porpoise  is  made  up  of 
two  distinct  masses.    The  upper  one  (figs.  4  and  5  A)  is  a  thin 
lamina,  prolonged  upwards  a  little  higher  than  the  epiglottis, 
while  below  it  is  produced  downwardly  and  anteriorly  into  a 
process  which  approaches  slightly  the  interior  of  the  laiynx.    At 
this  point  it  is  continuous  with  a  mass  of  cartilage,  a,  which  is 
broken  up  into  a  number  of  bits,  and  ends  anteriorly  in  a  freely 
projecting  point,  b,  the  whole  being  buried  up  in  the  thickened 
mucous  membrane  lining  this  region.    From  this  same  point 
there  goes  off  externally  a  fibro-cartilaginous  band  of  consider- 
able thickness,  c,  which  is  directly  continuous  with  the  basal 
portion  of  the  epiglottic  cartilage,  E,  and  appears  to  answer  to 
the  fibrous  membrane  described  in  Beluga.     The  lower  one 
(figs.  4  and  6  A')  is  throughout  life  firmly  united  by  a  fibrous 
interval  to  those  just  described,  the  separation  between  them 
being  most  marked  in  the  young  state.     It  presents  internally  a 
smooth,  flat  surface,  while  externally  it  slopes  slightly  backwards 
and  outwards,  and  bears  a  thickened,  oval  prominence,  which 
overhangs  the  anterior  margin  of  the  cricoid  and  serves  as  a 
point  of  attachment  for  the  muscles  of  the  arytenoid  series.'     It 
also  furnishes,  on  its  inner  side,  the  oblique  inwardly  directed 
articulation  for  the  cricoid. 

If  we  compare  these  cartilages  with  those  of  the  dog's  larynx, 
we  see  that  they  have  essentially  the  same  arrangement.  Arti- 
culating with  the  cricoid  is  a  massive  cartilage  (figs.  6  and  7  A'), 
having  all  the  characters  of  that  descjibed  in  the  Porpoise,  and 
undoubtedly  a  true  arytenoid.  United  with  it  above  is  a  fibro- 
cartilaginous mass,  which  upon  removal  of  its  denser  fibrous 
covering  is  seen  to  consist  of  two  portions  and  sends  off  two 
comua, — an  anterior  one.  A,  which  lies  beneath  and  produces  a 
conspicuous  elevation  of  the  mucous  membrane  stretching 
between  the  arytenoid  and  the  epiglottis,  and  a  posterior  one,  c, 
which  is  directed  backwards  over  the  hinder  edge  of  the  aryte- 
noid, while  anteriorly  this  mass  sends  a  prolongation  into  the 

^  Op.  cU.  pU  yiii  fig.  6. 

*  For  an  account  of  the  muscles  of  the  Porpoise,  see  Stannins,  *'  Beschreib.  der 
Musk,  des  Tnmmlers,  Mittler'a  Archiv.  f,  AtuU,  1849. 
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false  vocal  cord,  which  appears  to  be  homologous  with  that  por- 
tion marked  b  in  the  Porpoise. 

These  comua  have  exactly  the  relations  of,  and  no  doubt  are 
homologous  with,  the  cartilages  of  Wrisberg  and  Santorini,  and 
if  so,  the  upper  portion  of  the  so-called  arytenoid  of  the  Porpoise, 
which  is  prolonged  into  the  nasal  passage,  must  represent  an 
elongated  cuneiform  cartilage — cartilage  of  Wrisberg — the  San- 
torinian  'element  being  absent.^  It  is  interesting  to  note  here 
that  Professor  Huxley  has  recently  pointed  out  that  by  carefully 
dissecting  a  dog,  disturbing  as  little  as  possible  the  head  and 
neck,  the  larynx  may  frequently  be  found  lying  within  the  nasal 
passage,  and  not  in  the  cavity  of  the  mouth ;  this  being  so,  the 
disposition  of  the  surrounding  parts  shows  what  a  comparatively 
slight  amount  of  modification  would  be  necessary  in  order  to 
convert  the  canine  larjmx  into  that  of  the  cetacean.^ 

The  hyoid  bone  of  the  adult  Porpoise  presents  us  with  a 
flattened  basal  plate  (fig.  10,  b.h,),  with  which  are  ankylosed 
behind  the  enormous  posterior  comua^  th.h.,  while  in  front 
articulate  the  anterior  comua,  each  consisting  of  a  well-ossified 
cerato  and  stylohyal  respectively,  and  becoming  united  above 
with  a  small  bony  tympano-hyal. 

While  examining  the  hyoid  bone  of  the  larger  foetal  specimen, 
my  attention  was  drawn  to  the  presence  of  a  nodule  of  cartilage, 
which  lay  along  the  inner  edge  of  the  posterior  comu  (fig.  9, 
br.  2).  This  structure  is  somewhat  lozenge-shaped  and  flattened 
from  above  downwards ;  anteriorly  it  presents  a  rounded  margin, 

^  The  anatomy  of  the  cetacean  laiynz  and  certain  other  parts  will  be  fonnd 
fally  diflCUBsed,  together  with  an  excellent  bibliography,  in  Messrs  Watson  and 
Young's  monograph. 

'  In  the  Hedgehog  the  larynx  forms  a  complete  tube,  closed  behind  for  its 
enture  course,  and  situated  within  the  nasal  chamber.  Physiologically,  therefore, 
this  is  a  cetacean  larynx,  but,  morphologically,  it  differs  somewhat  from  such. 
In  the  former,  the  creature  has  a  suppressed  cervical  region,  yery  little  motion  is 
allowed  of  the  head  upon  the  trunk,  and  hence  the  stiff  and  unyielding  laryngeal 
cartilages  are  "  buttoned  "  into  the  nasal  chamber.  In  the  latter,  considerable 
flexibility  of  the  cervical  region  is  necessary  for  the  ordinary  movements  of  the 
animal,  and  to  meet  this,  the  cartilages  themselves  remain  flexible,  and  are  not 
prolonged  upwards  for  any  distance  as  in  the  Porpoise ;  the  soft  palate  growing 
backwards  forms,  together  with  the  roof  and  sides  of  the  nasal  passage  posteriorly, 
a  circular  lip  which  embraces  them  firmly  behind,  fitting  into  a  depression  at  the 
back  of  the  arytenoids,  whUd  at  the  sides  and  in  front  its  embrace  is  less  binding, 
and  allows  free  play  for  the  epiglottis. 
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while  posteriorly  it  continues  the  line  described  by  the  back- 
ward ciu^ve  of  the  inner  edge  of  the  comu,  upon  the  bony  sub- 
stance of  which  it  exhibits  a  strong  tendency  to  graft  itself* 
Upon  careful  examination  it  was  seen  to  be  imbedded  in  some 
strong  elastic  fibres,  which  ran  from  the  inner  and  ventral  edge 
of  the  posterior  comu  to  the  hinder  border  of  the  baai-hyal 
(figs.  8  to  10,  Ig),  Careful  search  has  revealed  the  constant 
presence  of  this  nodule ;  it  is  largest  at  the  time  of  birth,  and  is 
represented  in  the  adult  by  a  mere  shred  of  cartUage  (fig.  10^ 
Jr.  2). 

The  only  account,  amoug  the  mammalia,  with  which  I  am 
acquainted,  of  any  structure  of  a  nature  at  all  approaching  this^ 
is  one  of  the  Sea-lion  (Otaria  jvhata),  where  Dr  Murie^  has 
described  and  figured  the  cartilage- triticea  with  its  usual  con- 
nections, and  in  addition,  "  a  figure  of  eight  nodule,  lying  in  the 
thyro-hyoid  ligament" 

This  nodule,  which  may  or  may  not  belong  to  the  laryngeal 
category,  certainly  is  ^ot  present  in  the  Porpoise ;  but  it  seems 
impossible  to  regard  the  one  which  I  have  described  as  other 
than  a  remnant  of  one  of  the  post-oral  visceral  arches,  such  as 
are  now  known,  upon  an  abundant  supply  of  evidence  brought 
forward  by  Professors  Huxley,  Parker,  and  others,  to  exist  in  the 
Urodele  amphibia.  Professor  Parker  has  further  shown  that^  in 
the  Pig  the  posterior  comu  of  the  hyoid  represents  the  lateral 
elements  of  the  first  branchial  arch  of  a  fish ;  this  being  so,  it 
follows  by  analogy  that  the  aforementioned  cartilage  and  its  in- 
vesting fibres  must  represent  the  remains  of  a  second  arch  of  the 
same  series. 

Viewed  from  this  standpoint,  the  Porpoise's  hyoid  compares 
favourably  with  that  of  other  mammals. 

Take,  for  example,  that  of  the  Rabbit :  we  find  that  in  the 
former  the  whole  structure  has  become  flattened,  in  order  to  form, 
along  with  the  expanded  alae  of  the  thyroid  cartilage,  a  solid 
support  for  the  floor  of  the  mouth,  the  posterior  cornua  hence 
being  compressed  from  above  downwards,  while  in  the  latter 
(fig.  11)  the  opposite  obtains,  they  being  compressed  from  side 
to  side. 

1  Mnrie,  On  the  Anatomy  of  the  Sea-lion,  Trans,  Zocl.  Soe,  1870. 

•  On  the  Development  of  the  Pig's  skull,  Phdl,  Trans,  1874,  ^ 
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It  follows  that  the  internal  margin  of  the  posterior  cornu  of 
the  former  must  be  homologous  with  the  anterior  one  of  that  of 
the  latter,  in  which,  too,  the  cornu  is  tied  down  to  a  backwardly 
directed  projection  of  the  body  of  the  hyoid  by  a  strong  band  of 
elastic  fibres  (fig.  11,  Ig.)^  and  if  the  above  view  is  correct,  these 
must  represent  those  observed  in  the  Porpoise. 

The  cartilaginous  nodule  enlarges  rapidly  during  the  latter 
half  of  intra-uterine  life  (see  figs.  8,  9),  attains  its  maximum 
at  birth,  at  which  period  the  hyoid  is  still  largely  cartilaginous, 
and  then  fades  away,  as  ossification  becomes  more  dense  and  as 
ankylosis  sets  in.  Still,  it  can  hardly  be  regarded  as  of  physio- 
logical importance,  but  rather  as  a  remnant  which  the  Porpoise 
alone  may  retain  among  mammals,  or,  it  may  be,  that  further  in- 
vestigation will  reveal  in  them  the  more  universal  presence  of 
this  characteristically  amphibian  structure. 

The  occurrence,  in  so  old  and  specialised  a  group  as  the 
Cetacea,  of  a  rudiment  of  the  pinna  of  the  external  ear,  presents 
us  with  a  case  of  "  reversion  "  of  considerable  interest ;  and  its 
occasional  appearance  upon  one  side  only  is  curious,  in  that  the 
skull  of  some  of  the  species  is  known  to  want  symmetry. 

It  may  be  worth  noting  that  in  the  smaller  of  the  two  females 
dissected,  the  ductus  arteriosus  was  open,  allowing  a  fine  stream 
of  injection  to  pass:  it  was  found  by  Professor  Turner  to  be 
closed  in  a  young  Pilot  Whale  8  feet  long.^ 


Explanation  op  Plate  XXIX. 

Fig.  1.  The  rudimentary  Pinna,  Pkoccena,  foetal  male. 
Fig.  2.  The  rudimentary  Pinna,  Phoccena,  adult  female. 
Fig.  3.  The  rudimentary  Piiina,  Beluga,  foetal  female. 
Each  of  the  right  side  and  slightly  enlarged. 

The  Laryngeal  Cartilagee. 

Fig.  4.  Phocmna,  foetal  male,  from  within,  in  section. 
Fig.  5.  The  same,  right  side  from  without.      (The  epiglottis  thrown 
forwards.) 

Fig.  6.  Cants,  from  within,  in  section. 

*  Joum.  of  Anat.  and  Physiology,  voL  ii.  p.  70. 
VOL.  XIV.  2  K 
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fig.  7.  Ccam^  right  side  from  without. 

A,  the  cimeifann  cartilage;  A',  the  artenoid ;  C,  the  cricoid ; 
£y  the  epig^ttis;  T,  the  thyroid  ;  c^  the  comiciila  of  the 
laiyiuL 
(All  dnwB  to  notonl  size.) 

The  Hyoid  Bone, 

Pig.  8.  PhoeamOj  foetal  female,  yonng. 
Fig.  9.  PhoecenOy  foetal  male,  near  deliyeiy. 
Fig.  10.  FhoeameLy  adult  fraiale. 

c  hy.  The  anterior  conin— coato-hyaL 

ik.  hy.  (Br.  1.)  The  posterior  comu — ^thyro-hyaL 

6.  hy.  The  basi-hyaL 

Ig.  L^amentons  fibres,  in* which  are  embedded 

Br.  %  Bemains  of  a  seeond  bnnchial  arch. 

(All  drawn  to  natural  size.) 
Fig.  11.  Lepus  cunieuhuf  (adolt). 

(Lc  The  anterior  coma. 

p.c^  The  posterior  oomit 

(Other  letters  as  above.    Twiee  natural  siza.) 
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TWO  MASKS  AND  A  SKULL  FEOM  ISLANDS  NEAR 
NEW  GUINEA— A  CONTRIBUTION  TO  ANTHRO- 
POLOGY. By  Professor  Tukneb,  M.B.,  F.RS.^  (Plate 
XXX.) 

The  masks  and  cranium  which  form  the  subject  of  the  present 
communication  were  presented  to  the  Anatomical  Museum  of 
the  University  of  Edinburgh  by  one  of  my  pupils,  Mr  J.  Wharton 
Cox,  of  Sydney,  New  South  Wales.  They  were  obtained  by  his 
father,  Dr  Cox  of  Sydney,  the  well-known  and  accomplished 
Australian  naturalist  In  sending  these  specimens  to  his  son  Dr 
Cox  wrote  as  follows : — 

"  I  send  two  very  curious  masks  made  by  cutting  off  the  forehead 
and  face  of  a  dead  native,  and  preserving  them.  The  frontal  bone  and 
part  of  the  upper  and  lower  jaw  are  intact  They  are  really  very 
curious,  and  of  value.  In  the  box  also  is  a  mud  figure  from  New 
Ireland  or  New  Britain,  where  also  the  masks  are  from,  and  also  the 
face  of  a  god  in  wood." 

New  Britain  and  New  Ireland  are  two  large  islands  situated 
in  proximity  to  each  other,  and  lying  to  the  north  and  east 
of  New  Guinea. 

Both  masks  were  apparently  from  the  heads  of  men,  and  in 
both  the  upper  border  of  the  mask  was  formed  by  the  frontal 
bone  up  to  the  coronal  suture. 

In  the  larger  mask  a  fringe  of  frizzly  black  hair,  arranged  in 
locks  about  1  inch  long,  bounded  the  coronal  border  of  the  frontal 
bona  It  evidently  formed  a  part  of  the  hairy  scalp.  The  fore- 
head and  face  were  stained  with  bands  and  stripes  of  black,  red, 
and  white  pigments.  At  the  first  sight  it  seemed  as  if  the  pig- 
ments had  been  smeared  on  the  dried  and  hardened  integument, 
but  on  scratching  the  surface  with  a  knife  it  felt  hard  and  gritty. 
A  portion  was  then  removed  and  heated  on  platinum  foil, 
when  it  soon  ignited  and  burnt  with  a  yellow  flame,  leaving  a 
proportion  of  grey  asL  Another  portion,  heated  in  a  glass  tube, 
gave  off  a  dense  vapour,  which  condensed  in  the  cooler  part  of 
the  tube  into  a  thick  yellow  liquid,  the  residue  blackening  and 

'  Commtmicated  in  abstract  to  the  Royal  Society  of  Edinburgh,  Hay  17,  1880. 
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leaving  a  grey  ash.  It  seemed  probable,  therefore,  that  the  fore- 
head and  facial  bones  had  been  covered  with  a  mixture  of  an 
earthy  material  and  resinous  substance,  which  had  been  applied 
in  a  plastic  condition  so  as  to  be  modelled  into  the  form  of  a 
face,  and  then  allowed  to  dry.  The  pigments  employed  were 
apparently  a  red  ferruginous  earth,  a  white  lime  probably  obtained 
from  burnt  coral,  and  a  black  substance,  probably  the  black 
oxide  of  manganese.  A  broad  red  stripe  was  smeared  across  the 
forehead  immediately  in  front  of  the  hair,  which  it  had  partially 
coloured.  Below  this  was  a  transverse  white  band ;  still  lower 
down  in  succession  a  much  broader  transverse  black  band,  a  red 
band,  and  a  white  band.  The  eyebrows  were  sharply  modelled, 
and  they  were  made  to  meet  in  a  mesial  elevation  immediately 
above  the  root  of  the  nose.  The  eyelids  were  represented,  and 
separated  from  each  other  at  the  palpebral  fissure,  but  the  orbits 
were  quite  empty.  The  nose  was  moderately  prominent,  com- 
pressed at  the  sides,  and  its  bridge  formed  an  almost  straight 
crest,  but  the  alse  had,  unfortunately,  been  broken  off.  The  cavity 
of  the  nose  was  occupied  with  a  hard  earthy  material.  The  lips 
were  carefully  modelled,  but  not  especially  thick  and  protuberant, 
and  the  lower  lip  projected  a  little  beyond  the  upper.  The 
mouth  was  partially  open,  its  transverse  diameter  at  the  orifice 
was  2*2  inches ;  immediately  within  the  lips  indications  of  teeth 
were  seen.  Immediately  behind  each  cheek  a  longitudinal  ridge 
had  been  modelled,  which  was  marked  by  transverse  notches  to 
represent  the  whiskers ;  these  ridges  were  joined  together  below 
at  the  chin,  where  they  were  elongated  downwards  so  as  to 
simulate  a  stunted  beard.  The  eyelids  were  blackened  on  the 
surface,  but  reddened  along  the  palpebral  fissure.  The  cheeks, 
chin,  and  nose  were  smeared  with  red,  white,  and  black  stripes. 
The  edges  of  the  lips  were  reddened,  and  a  broad  red  band  was 
carried  down  each  whisker  to  meet  below  the  chin. 

The  mask  was  hollowed  behind  by  the  removal  of  the  frontal 
part  of  the  brain,  the  contents  of  the  orbits,  the  orbital  plates  of 
the  frontal  bones,  the  ethmoid,  and  sphenoid ;  and  the  small  part 
of  the  nasal  fossse  remaining  was  filled  up  with  a  hard  earthy 
material  A  loop  of  string  had  been  attached  to  each  side  of  the 
mask  on  a  level  with  the  eyebrows,  by  which  it  had  been  without 
doubt  suspended  to  a  peg  in  the  hut  of  its  owner.     Below  this 
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loop,  and  almost  on  a  level  with  the  back  of  the  mouth,  a 
transverse  bar  of  wood  was  firmly  attached  to  each  side  of  the 
mask,  being  imbedded  at  its  two  ends  in  the  hardened  material 
which  had  been  used  in  the  modelling.  This  cross  bar  formed 
a  handle  by  which  the  mask  could  be  held.  The  surface  of  the 
wood  was,  however,  seen  to  be  abraded,  as  if  by  the  action  of  the 
teeth,  so  that  it  is  not  unlikely  that  it  had  been  held  in  the  mouth 
of  the  person  using  the  prepared  face  for  a  mask,  who  could  at 
the  same  time  have  seen  distinctly  through  the  eye  clefts,  and 
breathed  freely  through  the  open  mouth. 

The  extreme  length  of  the  mask  from  the  hair  to  the  lower 
edge  of  the  artificial  beard  was  10  inches,  its  greatest  width  at 
the  attachment  of  the  loop  of  string  was  6  inches. 

The  smaller  mask  also  consisted  of  the  frontal  and  facial  bones, 
but  differed  in  many  particulars  from  that  just  described.  The 
fringe  of  hair  along  the  coronal  border  was  absent,  and  the  ascend- 
ing plate  of  the  frontal  bone  was  not  covered  with  any  composition, 
although  remains  of  a  white  pigment  were  to  be  seen  on  it,  as  if 
it  had  originally  been  marked  with  a  pattern  of  some  kind.  A 
red  band  traversed  each  supra-orbital  ridge,  and  a  projecting 
pair  of  eyebrows  had  been  modelled  immediately  below  this 
band  in  a  hardened  material.  The  artificially  prepared  eyelids 
were  widely  open,  and  their  margins  coloured  with  a  red  pig- 
ment Instead  of  the  orbits  being  empty  they  were  occupied  by 
a  similar  hardened  material  to  the  eyebrows,  and  in  the  centre  of 
this  substance  an  artificial  eye  formed  of  the  operculum  of  a  mollusc 
{Twrbo  operculum)  had  been  introduced.  Each  operculum  was 
dark  green,  shading  almost  into  black  in  the  centre  of  its  exposed 
surface,  and  its  coloured  centre  was  surrounded  by  a  white  zone; 
both  in  shape  and  colouring  it  closely  resembled  the  iris,  pupil 
and  surrounding  sclerotic  coat  of  the  eye.  The  nose  was  moulded 
into  a  low  aquiline  form,  it  was  swollen  out  at  the  sides,  and  the 
bridge  was  sharp ;  the  nostrils  were  open  and  directed  down- 
wards, their  alee  were  coloured  red,  but  the  sides  and  bridge  of 
the  nose  were  white.  A  thread  had  been  introduced  through  the 
ala  of  each  nostril  and  a  bead  strung  on  it.  The  cheeks,  chin, 
and  lips,  which  had  all  been  modelled  in  a  material  similar  to  that 
used  in  the  larger  mask,  were  striped  with  black,  red,  and  white 
pigments,  and  a  row  of  white  spots  had  been  painted  on  the 
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chin  above  the  beard  and  in  front  of  the  whisker.  The  mouth 
was  open,  the  lower  lip  projected  a  little  beyond  the  upper,  the 
transverse  diameter  of  the  lip  fissure  was  2*1  inches,  and  the  lips 
were  not  specially  thick  and  protuberant  Placed  in  its  cavity, 
and  projecting  slightly  between  the  Ups,  was  an  artificial  tongue 
formed  of  bright  red  cloth,  folded  on  a  semilunar  frame  of  wood. 
Attached  to  the  sides  of  the  face  was  a  pair  of  whiskers,  which 
met  below  the  chin  in  a  beard.  They  were  formed  of  a  whitish 
vegetable  fibre,  the  threads  of  which  were  from  f  to  1^  inch 
long.  The  arrangement  of  the  beard  and  whiskers,  combined 
with  the  painted  face  and  the  very  natural  appearance  of  the 
eyes,  give  quite  a  pantaloon^like  aspect  to  the  mask. 

The  brain  had  been  removed  from  the  frontal  part  of  the 
skull,  but  the  ethmoid  and  sphenoid  bones  were  in  position,  and 
the  nasal  cavities  were  filled  with  a  hard  substance,  similar 
apparently  to  that  used  in  modelling  the  fax^.  The  lower  jaw 
was  almost  entire,  only  the  condyles  being  wemting.  There  was 
no  loop,  or  strings  or  cross-bar  attached  to  this  specimen,  which 
had  evidently  had  a  different  purpose  from  the  one  first  described; 
for  from  the  orbits  and  mouth  being  filled,  and  the  sphenoid 
bone  in  position,  it  could  not  have  been  worn  as  a  mask. 
Probably,  from  its  elaborate  decoration,  it  was  used  as  an  orna- 
ment, or  it  may  have  been  as  an  object  of  worship. 

The  wooden  god  referred  to  by  Dr  Cox  in  his  letter  was 
carved  out  of  a  single  piece  of  wood.  It  stood  5f  inches  high, 
and  was  carved  to  represent  the  head  and  upper  limbs.  The  face 
was  greatly  prolonged  forwards  to  the  end  of  the  nose  and  mouth, 
but  with  a  vertical  forehead ;  it  combined  the  facial  characters 
of  both  man  and  the  pig.  The  long  axis  of  the  nose  was  almost 
horizontal,  and  terminated  with  truncated  nostrils  directed  for- 
wards. The  mouth  was  below  and  slightly  in  front  of  the  end 
of  the  nose,  with  the  lips  asunder  and  the  tip  of  the  tongue 
protruding.  The  eyes  were  each  represented  by  an  elliptical  plate 
of  mother-of-pearL  The  outer  edge  of  the  plate  was  serrated, 
and  a  hole,  to  simulate  the  pupil,  was  cut  out  of  the  centre  of 
each  plate.  The  ears  were  vertically  elongated,  and  the  lobules 
disproportionately  large.  The  upper  arms  were  placed  verti- 
cally immediately  below  the  head.  The  forearms  were  directed 
horizontally  forwards,  and  each  terminated  in  a  hand,  on  the 
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top  of  which  the  chin  rested.  The  face  and  limbs  were  stained 
black,  but  the  tongue  and  lips  were  reddened,  and  a  red  band 
was  painted  transversely  immediately  above  the  black  forehead. 

The  "  mud  figure,"  also  referred  to  by  Dr  Cox,  consisted  of  a 
face,  nearly  6  inches  long  and  4^  inches  wide.  The  features  were 
in  low  relief,  and  not  very  artistically  modelled.  The  nose  had, 
however,  the  low  aquiline  contour  similar  to  that  present  in  the 
second  of  the  two  masks  already  described.  A  simple  incisor 
tooth  from  a  small  mammal  had  been  inserted  into  the  facial 
surface  of  the  ala  of  each  nostril  The  eyes  and  mouth  were 
both  represented  as  open.  The  face  had  been  modelled  in  clay 
or  some  tenacious  earth,  which  had  been  subsequently  hardened 
either  by  fire  or  by  drying  in  the  sun,  and  the  surface  was 
painted  a  bright  red.  The  material  had  been  modelled  on  a 
frame  of  wood,  a  portion  of  which  projected  below  the  chin, 
so  that  the  native  artist  heul  pursued  a  mode  of  work  not  unlike 
that  followed  by  a  sculptor  in  modelling  a  bust  or  large  figure. 

M.  Quoy,  the  naturdist  on  board  the  '^  Astrolabe  "  {Histoire 
du  Voyage,  by  M,  D'Urville,  vol.  iv.  p.  736),  in  describing  the 
natives  of  New  Ireland,  states  that  they  have  a  wide  face,  small 
eyes  (a  little  oblique),  and  a  broad,  fiat  nose.  They  pierce  them- 
selves above  the  nostrils  with  one  or  two  holes,  into  which  they 
attach  the  small  canine  teeth  of  the  pig ;  and  as  these  diverge 
from  each  other  like  little  horns,  they  give  a  singular  appear- 
ance to  the  physiognomy. 

Two  of  these  natives  from  Carteret  Harbour,  with  their 
curious  nasal  appendages,  are  figured  in  plate  99,  vol  i.  of 
the  Atlas  of  M.  D'Urville's  Histoire  du  Voyage. 

In  modelling  the  face  of  the  "  mud  figure,"  the  native  artist 
had  introduced  similar  nasal  appendages  to  those  worn  by  the 
people  of  his  tribe,  and  a  similar  method  of  ornamentation, 
though  with  difierent  materials,  had  been  employed  in  the 
smaller  of  the  two  masks. 

Warrior  Island,  from  which  the  skull  was  obtained,  is  on  the 
north  side  of  Torres  Straits,  immediately  to  the  south  of  the  great 
Warrior  Beef.  The  skull  is  that  of  a  man,  and  Mr  Cox  tells  me 
that  it  was  obtained  from  the  widow  in  exchange  for  a  few  yards 
of  calico  and  some  beads. 
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It  had  been  completely  divested  of  all  the  hair  and  flesh,  and 
had  then  been  ornamented,  but  in  a  much  less  elaborate  way 
than  the  masks  just  described.  The  skull  was  perfect,  and 
included  the  lower  jaw.  A  broad  band  of  red  pigment  had  been 
smeared  across  the  frontal  bone  immediately  above  the  glabella 
and  supraorbital  ridges.  SUghtly  projecting  artificial  eyebrows 
were  modelled  along  the  lower  margin  of  those  ridges  in  a  black 
material  The  orbits  were  filled  up  with  a  similar  hardened 
material,  painted  red  on  its  surface,  and  in  the  centre  of  this  red 
surface  a  thin  lozenge-shaped  plate  of  mother-of-pearl  was  fixed. 
The  long  axis  of  this  lozenge,  1|  inch,  was  placed  transversely 
across  the  orbit,  the  short  axis  measured  only  half-an-inch.  The 
upper  and  lower  jaws  were  connected  together  by  string  of 
native  manufacture,  which  had  been  passed  through  the  nasal 
cavity  and  under  the  symphysis  menti ;  that  part  which  lay  in 
the  face  was  coloured  red.  The  condyle  of  the  lower  jaw  was 
tied  by  string  to  the  root  of  the  zygoma  on  each  side.  Attached 
to  the  left  zygomatic  arch  was  a  piece  of  plaited  string  8  inches 
long,  which  had  probably  been  used  for  suspending  the  skulL 
Numbers  of  small  limpet-like  shells  were  threaded  to  the  string 
and  ornamented  it 

The  most  curious  feature  in  this  prepared  skull  was  the 
artificial  nose  with  which  it  was  provided.  A  plug  of  hard 
wood,  3^  inches  long,  had  been  inserted  into  the  nasal  cavity, 
the  mesial  septum  having  mostly  been  broken  away  in  order 
that  the  plug  might  be  accommodated.  The  end  which  projected 
beyond  the  anterior  nasal  aperture  was  IJ  inch  long;  it  was 
painted  red,  and  had  two  elongated  nostrils,  separated  from  each 
other  by  a  mesial  septum  carved  in  it.  This  artificial  nose  was 
pointed  at  its  tip,  and  projected,  almost  at  a  right  angle,  to  the 
nasal  bones. 

Some  of  the  incisor  and  canine  teeth  were  absent,  but  they 
had  obviously  dropped  out  after  death,  for  the  sockets  were 
unabsorbed.  The  teeth  were  not  artificially  deformed,  but  were 
stained  in  patches  of  a  reddish-yellow  tint. 

The  skull  was  that  of  a  man  in  the  prime  of  life.  The  sutures 
were  distinct,  though  it  is  not  improbable,  from  their  appearance, 
that  some  amount  of  s}rnostosis  of  the  inner  table  had  taken 
place.     It  was   markedly  brachycephalic,  the  greatest   width 
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being  in  the  parietal  region,  below  the  temporal  ridge,  which  was 
distinctly  double.^  In  its  antero-posterior  contour  the  vault  of 
the  cranium  ascended  in  a  gentle  curve  to  the  vertex  and  then 
rapidly  sloped  downwards  from  the  obelion,  so  as  to  present  a 
well-marked  parieto-occipital  flattening,  and  as  the  squama  of  the 
occipital  bone,  between  the  inion  and  lambda,  was  almost  fiat, 
one  was  led  to  believe  that  some  pressure  had  been  applied 
during  infancy  to  the  back  of  the  head.  As  a  consequence  the 
glabello-iniac  and  glabello-occipital  diameters  were  almost  equal. 
No  trace  of  artificial  fiattening  was  seen  in  the  frontal  region. 
The  glabella  and  supraorbital  ridges  were  not  prominent.  The 
fronto-nasal  depression  was  slight.  The  bridge  of  the  nose  was 
not  fiattened,  but  formed  a  fairly  marked  projection.  Both  the 
upper  and  lower  jaws  were  massive,  and  the  palate  had  a  depth 
of  14  mm.  opposite  the  second  molar  tooth.  The  inferior 
anterior  angle  of  the  parietal  had  a  very  narrow  articulation 
with  th^  sphenoid  at  the  right  pterion,  and  on  the  left  side  a 
small  Wormian  bone  separated  the  sphenoid  and  parietal.  Small 
Wormian  bones  were  present  in  the  lambdoidal  suture.  The 
dimensions  of  the  skull  are  given  in  the  following  measure- 
ments, expressed  in  millimetres : — ^ 

Glabello-occipital  length,      ....        175*0 

Glabello-iniac  length, 173-0 

Extreme  breadth, 154*0 

The  cephalic  index  was  therefore  88,  so  that  the  skull  is  of  a 
pronounced  brachycephalic  type.  It  is  possible  that  the  artificial 
pressure  to  which  the  back  of  the  head  had  apparently  been 
subjected  in  infancy  may  have  increased  the  brachycephalic 
character.  The  basi-bregmatic  height  was  137*0:^  horizontal 
circumference,  515:  cubic  capacity,  1650  cubic  centimetres: 
longitudinal  arc,  374  mm.;  frontal,  130;  parietal,  135;  occipital, 
109:  Stephanie  diameter,  122;  minimum  frontal,  103;  asterionic, 
120 :  vertical  transverse  girth  between  supra-auricular  points, 
325.    The  antero-posterior  diameter  of  the  foramen  magnum 

^  See  On  the  Double  Character  of  the  Temporal  Ridge,  Memoirs  by  Professor 
Hyrtl  and  Dr  Jherlng.  Also  Professor  Cleland's  paper  "  On  a  Sulu  Skull "  in 
Journal  of  AncUomy  ai\d  Physiology ,  vol.  xi.  p.  663. 

'  This  and  most  of  the  other  measurements  have  been  taken  as  recommended 
by  Professor  Paul  Broca,  whose  descriptive  terms  have  also  been  largely  adopted. 
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was  35  mm. ;  its  width  28.  The  auditory-alveolar  radius  was 
110 ; — fronto-nasal,  98 ; — ^bregmatic,  127 ; — ^parietal,  133 ; — occi- 
pital, 95  mm.    The  altitudinal  index  is  78. 

The  transverse  diameter  of  the  face  between  the  zygomata 
was  140.  The  cranium  is  not  phoenozygous.  The  height  of  the 
face  from  the  ophryon  to  the  alveolar  point  was  90,  and  to  the 
chin  141.  The  facial  index  was  64.  The  nasal  length  47,  its 
breadth  24,  giving  a  nasal  index  of  51,  which  places  it  in  the 
mesorhine  division  of  Broca.  The  orbital  dimensions  and  index^ 
owing  to  the  orbits  being  filled  up,  cannot  be  definitely  ascer- 
tained. 

The  basi-nasal  length  was  105,  the  basi-alveolar  107.  The 
alveolar  index  is  101*9.    The  face  is,  therefore,  mesognathous. 

The  lower  jaw  measured  between  its  angles  103,  from  angle 
to  point  of  chin  102,  height  at  symphysis  31,  height  at  coronoid 
75  mm.  The  skull  is  brachycephalic,  megacephalic,  mesorhine, 
and  mesognathous. 

Warrior  Island  was  visited  by  H.M.S.  "Basilisk"  in  1871,  and 
Captain  Moresby  has  given  an  interesting  account  of  the  place 
and  people.^  He  states  that,  though  not  more  than  two  miles  in 
circumference,  it  is  the  home  of  one  of  the  most  powerful  tribes 
in  Torres  Straits.  The  natives  build  formidable  war  canoes,  50 
to  60  feet  long,  and  the  powerful  men  that  man  them  are  armed 
with  six-foot  bows,  which  send  the  poisoned  arrows  true  to  the 
mark  at  80  yards.  They  cultivate  the  soil  for  yams,  tare,  and 
sweet  potatoes.  In  former  years  they  attacked  a  man-of-war 
when  becalmed  near  the  island,  and  were  with  difficulty  driven 
off.    They  have  been  an  aggressive  people. 

Warrior  Island  (l*lle  Toud)  had  been  previously  visited  in  June 
18402  by  the  French  ships  "Astrolabe"  and  "Z^l^e,"  under  the 
command  of  M.  D'TJrville.  M.  Jacquinot,  who  wrote  the  account 
of  the  zoology  of  the  voyage,  states*  that  they  were  able  to 
examine  on  this  island  a  number  of  natives,  some  of  whom  had  the 
face  elongated,  the  nose  aquiline,  the  lips  moderately  large,  and 
the  forehead  fairly  developed.  In  the  greater  number  a  flattening 
of  the  back  of  the  head,  sufficiently  well  marked,  was  observed. 

^  IHacoveries  in  New  Guinea,  p.  27,  London,  1876. 
•  Voyage  au  Pole  Svd.  Bistoire,  vol.  ix.  p.  220. 
'  Ibid,  Zoologie,  vols.  i.  ii.  p.  870. 
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Their  hair,  instead  of  forming  the  enormous  coiffwres  seen  in  other 
Papuans,  was  arranged  in  small  ringlets  pendulous  on  all  sides. 
They  were  more  industrious  and  more  enterprising  than  the 
Australians.  In  the  Natural  History  Museum  in  Paris  is  the 
cast  of  the  head  of  a  man,  one  of  these  islanders,  taken  by 
M.  Dumoutier,  which  shows  in  a  very  characteristic  way  the 
flattened  form  of  the  parieto-occipital  region ;  the  nose  also  is 
aquiline,  but  not  very  prominent 

The  flattening  of  the  back  of  the  head  referred  to  by  M. 
Jacquinot  is  in  conformity  with  the  character  of  the  skull 
described  in  this  communication,  and  points  to  a  practice  more 
or  less  general  of  employing  artificial  pressure  in  infancy  to  the 
back  of  the  head. 

If  the  skull  now  before  us  is  to  be  taken  as  a  fair  sample  of 
an  adult  male  of  these  Islanders,  they  are  obviously  a  people 
with  well  developed  crania,  possessing  a  large  brain  cavity,  so 
as  to  accord  with  the  character  of  a  vigorous  race,  such  as  they 
are  described  to  be  by  Captain  Moresby.  In  their  strongly  pro- 
nounced brachycephalic  form,  and  large  internal  capacity,  they 
dififer  in  the  most  decided  manner  from  the  dolicocephalic 
Australians  to  their  immediate  south,  whose  cephalic  index, 
deduced  from  the  measurement  of  100  crania,  averages  not 
more  than  72,^  whilst  the  average  cubic  capacity  of  the  male 
Australian  skuU,  deduced  from  26  specimens,  is  only  1285 
cubic  centimetres — i.e.,  distinctly  microcephalic.  The  Austra- 
lians have  also  a  prognathous  upper  jaw  and  a  platyrhine  nasal 
index. 

This  skull  differs  also  from  those  of  their  Papuan  neighbours 
to  the  north  and  north-east,  not  only  in  its  much  larger  capacity, 
but  in  the  relative  proportions  of  length  and  breadth.  The  mean 
cubic  capacity  of  the  fourteen  out  of  fifteen  Papuan  crania  col- 
lected by  Dr  Comrie  on  the  south-east  coast  of  New  Guinea  is 
stated^  to  be  75  cubic  inches;  the  highest,  a  male  from  the  Teste 
Island,  being  84  cubic  inches,  the  lowest,  also  said  to  be  males, 
64  and  65  cubic  inches.  Their  average  cephalic  index  was 
73*5,  the  highest  indices  in  the  three  specimens  being  80  and  81, 

*  Flower  on  **  The  Native  Races  of  the  Pacific  Ocean,"  /Voc.  Et/yal  InstittUion 
of  Cfreat  Britain,  May  81,  1878. 

'  Journal  AtUhrop.  InsU  vol.  y'«  p.  108. 


484  PROFESSOR  TURNER. 

the  lowest  in  one  specimen  being  68.  In  his  description  of  these 
crania  Dv  Comrie  states  that  the  general  type  of  skull  was  that 
of  an  extended,  but  narrow  and  compressed  form,  the  forehead 
small  and  low,  the  occiput  flattened,  and  the  zygomatic  space  not 
extensive.  In  two  specimens,  however,  the  occipital  protuber- 
ance was  strongly  developed. 

Professor  Flower  has  also  recorded  measurements  of  thirteen 
of  the  above  crania,^  now  in  the  museum  of  the  Eoyal  CJoU^e 
of  Surgeons  of  England,  the  average  cephalic  index  of  which  is 
73,  and  their  cubic  capacity  1255  cubic  centimetres.  These 
Papuans  are,  therefore,  a  dolicocephalic  people,  although  the 
cephalic  index  of  an  individual  skull  may  assume  mesati- 
cephalic,  or  even  brachycephahc  proportions.  They  are  micro- 
cephalic, have  a  mesorhine  nasal  index,  and  are  as  a  rale 
prognathous. 

The  two  remaining  crania  were  presented  by  Dr  Comrie  to 
the  Anatomical  Museum  of  the  University  of  Edinburgh.  The 
one,  from  Possession  Bay,  is  176  mm.  long  and  120  broad,  with 
a  cephalic  index  of  68.  This  skull  is  markedly  dolicocephalic; 
although  the  occipital  squama  does  not  bulge  backwards,  so  that 
the  long  diameter  of  the  skull  is  in  the  glabello-iniac  lina 
There  is,  however,  nothing  in  the  appearance  of  the  skull  to 
lead  one  to  think  that  artificial  flattening  had  been  practised,  as 
the  parietal  bone  did  not  pass  almost  vertically  downwards  from 
the  obelion.  The  other,  from  D'Entrecasteaux  Island,  has  a 
glabello-iniac  diameter  of  161  mm.,  but  its  extreme  length  is 
167  mm.,  its  breadth  is  134  mm.,  and  it  has  a  cephalic  index  of 
80,  so  that  it  falls  within  the  numerical  brachycephalic  index. 
Its  parieto-occipital  r^on,  though  not  so  vertical  as  in  the 
Warrior  Island  skull,  appears  as  if  it  might  have  been  artificially 
flattened,  although,  as  the  measurements  show,  the  occipital 
point  projects  considerably  further  back  than  the  inion. 

On  the  assumption  that  this  cranium  from  Warrior  Island  is 
a  fair  example  of  the  people,  and  not  exceptional  in  its  propor- 
tions, these  islanders  difier  also  materially  from  their  neighbours 
on  Damley  Island  (Erroob),  which  is  situated  nearly  50  miles  to 
the  eastward.  From  an  analysis  of  the  measurements  of  the 
crania  of  four  adult  male  Damley  Islanders  recorded  by  Professor 

^  Osteological  CaUUogue,  part  1,  1879.  - 
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Flower,^  the  average  cephalic  index  is  72*6,  the  average  cranial 
capacity  1323,  although  one  of  the  four  crania  was  as  high  as 
1510  cubic  centimetres,  so  that  they  are,  as  a  rule,  microce- 
phalic ;  they  have  a  mesorhine  nasal  index,  and  are  distinctly 
prognathic.  The  Warrior  Islanders,  therefore,  have  to  the  north, 
south,  and  east  dolicocephalic  races,  with  prognathic  upper  jaws 
and  microcephalic  brain  cavities,  whilst  this  skuU  is  brachy- 
cephalic,  megacephalic,  and  mesognathous. 

If  we  turn  to  the  west,  however,  we  find  a  people,  the  Malays, 
occupying  either  exclusively,  or  mixed  with  other  races,  various 
of  the  islands  of  the  great  Malayo-Polynesian  archipelago.  This 
people  is  brachycephalic,  mesognathous,  and  mesorhine,  whilst 
their  average  brain  capacity  is  mesocephalic.  The  skull  of  the 
Warrior  Islander  shows,  therefore,  a  strong  affinity  to  the  Malay 
type,  and  it  is  not  unlikely  that  these  islanders  may  have  a 
large  admixture  of  Malay  blood. 

Several  crania  were  procured  from  Warrior  Island  by  M. 
D'Urville,  and  are  preserved  in  the  galleries  of  the  Museum  in 
Paris.  They  have  been  examined  by  MM.  de  Quatrefages  and 
Hamy,'  who  state  that  they  consist  of  two  sets ;  tAe  one,  war- 
trophies,  which  had  been  suspended  in  the  huts,  and  which  had 
perhaps  belonged  to  the  people  of  New  Guinea ;  the  others,  ob- 
tained from  the  burial-places,  and  belonging,  therefore,  either  to 
the  race  of  people  at  present  inhabiting  the  island,  or  to  a  pre- 
ceding race. 

One  of  the  latter  set,  an  adult  female,  is  figured  by  these 
authors  (fig.  220,  221).  It  exhibits  in  the  occipito-parietal 
region,  a  flattening  closely  comparable  with  that  present  in  my 
specimen.  The  frontal  region  approaches  more  to  the  vertical 
than  in  my  specimen,  but  this  is  without  doubt  a  sexual 
character.  The  nasal  bones  also  are  less  prominent  than  in  my 
male  skull.  In  its  dimensions  the  skull  in  the  Paris  Museum  is, 
as  is  to  be  expected,  from  the  sex,  smaller  than  in  my  specimen. 
The  capacity  is  1270  cub.  cent.  The  maximum  antero-posterior 
diameter  is  159  mm.;  the  maximum  transverse  137;  the  ver- 
tical basi-bregmatic  130;  the  cephalic  index  is  8616,  almost 
equal,  therefore,  to  that  of  my  male  skulL     The  horizontal 

^  Osteological  Catalogue,  p.  221. 

*  Crania  Ethnica,  p.  207,  5th  part,  1876-77. 
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circumference  is  469  mm.    The  orbital  index  is  89*74 ;   nasal 
index  52*04 ;  facial  index  67*46.     The  skull  is  brachycephalic, 
microcephalic,  mesorhine,   and  verging  on  megaseme  in   the 
proportions  of  the  orbit.    MM.  de  Quatrefages  and  Hamy  also 
give  two  figures  of  a  male  skull  from  this  island  in  one  of  their 
lithographic  plates.     Unfortimately,  there  is  some  confusion  be- 
tween the  locality,  as  specified  on  the  plate  itself,  and  that  in 
the  Explication  des  Plaiiches.    If  the  latter,  however,  is  to  be 
taken  as  correct,  then  the  skull  (figs.  1  and  2,  plate  xix.)  is 
from  this  island.    It  exhibits  well  marked  parieto-occipital  flat- 
tening, and  has  a  strong  resemblance,  not  only  in  this,  but  in 
other  particulars,  to  my  male  skull.    As  these  figures  are  drawn 
half  the  size  of  nature,  the  length  and  breadth  measured  on  the 
plate  are  respectively  178  and  166  mm.,  giving  a  cephalic  index 
of  87-6. 

We  may  now  proceed  to  inquire  what  other  evidence  has  been 
recorded  of  the  presence  of  brachycephalic  people,  either  in  New 
Guinea  or  the  adjacent  islands.  MM.  Quoy  and  Gaimard  visited, 
during  the  voyage  of  the  "  Uranie,"  the  islands  of  Bawak  and 
Waigiou,  situated  off  the  extreme  west  of  New  Guinea,  and  have 
given  an  account  of  the  people.^  From  their  description  the 
crania  are  short,  broad,  and  high,  and  they  state  that  their  heads 
are  flattened  both  anteriorly  and  posteriorly,  and  In  the  plate 
accompanying  this  description,  where  two  skulls  of  natives  of 
Bawak  are  figured,  both  crania  are  seen  to  have  well-marked 
parieto-occipital  flattening,  and  although  no  measurements  are 
given,  they  are  obviously  brachycephalic.  MM.  de  Quatrefages 
and  Hamy  have  described,  in  more  detail,'  the  crania  collected 
in  Bawak  and  in  the  adjacent  islet  of  Boni.  In  one  skull  the 
cephalic  index  was  88,  and  the  average  of  five  skulls  was  86,  so 
that  their  brachycephalic  character  is  unquestionable,  whilst  the 
parieto-occipital  flattening  is  strongly  marked.  The  crania  ob- 
served at  Waigiou  by  the  naturalists  of  the  "Coquille"  are 
described  as  remarkable  for  a  considerable  posterior  flattening, 
and,  from  measurements  given  by  M.  Garnot,  the  cephalic  index 
i3  given  as  81*8. 

^  Awnales  des  Sdefncea  NcUurdUes,  vol.  vii.  p.  27,  plate  ill  1826.  The  figures 
of  one  of  these  skulls  are  reproduced  by  von  Baer  in  Crania  gUecta,  plate  iiL 
figs.  4,  6. 

*  Crania  Ethnioaf  p.  210. 
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In  1856,  Professor  Eetzius  stated  ^  that  the  museum  of  the 
Caroline  Institute  of  Stockhohn  had  received  from  Dr  Wise  of 
Edinbuigh  three  crania  of  brachycephalic  Papuans,  which  had  a 
striking  resemblance  to  each  other,  and  to  the  crania  described 
by  MM.  Quoy  and  Gaimard.  MM.  de  Quatrefages  and  Hamy 
have  pointed  out^  that  the  crania  collected  by  Wise  were  of  the 
tribe  of  Karons,  a  people  occupying  a  chain  of  mountains, 
originally  known  as  Arfak,  in  the  north-west  part  of  New 
Guinea,  parallel  to  the  north  coast  and  adjacent  to  Port  Dorei. 
A  description  of  these  crania  has  been  given  by  MM.  de 
Quatrefages  and  Hamy,  one  of  whom  visited  Stockholm  for  the 
purpose  of  studying  them.  Two  of  these  three  crania  are  not 
flattened  in  the  parieto-oceipital  region,  one  of  which  has  a 
cephalic  index  of  78'8,  the  other  of  78-3.  The  third  specimen 
has,  however^  a  distinct  parieto-occipital  flattening,  and  is 
obviously  brachycepfaedic  Its  antero-posterio  maximum,  the 
same  as  the  glabello  iniac,  is  174  mm.,  the  transverse  maximum 
is  146,  and  the  cephalic  index  is  consequently  83*9. 

Sandifort  has  also  described^  a  brachycephalic  Papuan  cranium 
with  a  cephalic  index  of  85,  and  one  with  a  cephalic  index  of 
83  is  in  the  collection  (No.  1401)  of  Dr  Barnard  Davis,*  but  the 
exact  localities  from  which  these  skulls  were  procured  does  not 
seem  to  have  been  ascertained. 

From  the  examination  of  the  living  islanders,  made  by  M. 
Jacquinot,  from  the  casts  of  the  head  taken  by  M.  Dumoutier, 
and  from  the  examination  of  the  several  crania  recorded  by 
MM.  de  Quatrefages,  Hamy,  and  myself,  there  can,  I  think,  be 
little  doubt  that  the  practice  of  artificially  flattening  the  back  of 
the  head  prevails  to  a  considerable  extent  amongst  individuals, 
and,  it  may  be,  also  tribes  of  the  natives  of  New  Guinea  and  the 
adjacent  islets,  as  far  apart  as  Waigiou  and  Bawak  on  the  west. 
Warrior  Island  on  the  south,  and  apparently  D'Entrecasteaux 
Island  on  the  east.  At  the  same  time  there  can  be  no  doubt 
that  this  practice  does  not  prevail  generally  in  all  the  tribes  of 
people,  as  the  region  of  New  Guinea  has  abeady  supplied  our 

^  FwKamd  ved  de  Skamdin,  NaHifforakf  Chrifltiania,  July  1856  ;  and  Ethnolo- 
gische  Schriften,  Leipzig,  1864. 
3  Crania  Ethnieay  p.  201.  '  TaibuUs  craniorum, 

*  Thesaurus  craniorwm  p.  805. 
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museums  with  many  crania  of  markedly  dolicocephalic  pro- 
portions, in  which  there  is  no  evidence  of  an  artificial  parieto* 
occipital  flattening. 

Brachycephalic,  mesaticephalic,  and  dolicocephalic  crania 
have  now  been  obtained  from  the  tribes  of  people  occupying 
various  districts  on  the  coast  line.  Thus,  whilst  the  observa- 
tions of  MM.  Quoy  and  Gaimard,  and  of  M.  Grarnot,  point  to  a 
people  with  brachycephalic  crania,  occupying  the  island  of 
Waigiou,  Dr  Barnard  Davis  has  in  his  collection  a  skull  from 
the  same  island,  with  a  cephalic  index  of  77.  Again,  whilst  a 
brachycephalic  people  have  been  found  in  Warrior  Island,  the 
natives  of  the  not  distant  Darnley  Island  are  dolicocephalia 

But  even  amongst  the  mountaineers  of  Arfak  there  appears, 
so  far  as  the  scanty  material  put  on  record  enables  us  to  farm  an 
opinion,  to  be  a  diversity  in  the  proportions  of  the  cranium ;  for 
whilst  the  skulls  of  the  Karons  measured  by  de  Quatrefages  and 
Hamy  are  either  distinctly  brachycephalic,  or  verging  on  it,  a 
skull  measured  by  Dr  B&rnard  Davis  from  the  same  locality 
(No.  686)  has  a  cephalic  index  of  only  74 

It  would  appear,  therefore,  that  the  people  of  Kew  Guinea 
and  many  of  the  adjacent  islands  exhibit  considerable  differences 
in  the  proportions  of  their  crania,  some  which  have  been 
measured  having  as  low  an  index  as  68,  whilst  oilers  mount  as 
high  as  86  and  88.  These  differences  point  to  an  admixture  of 
different  races  in  these  islands. 

It  is,  however,  to  be  observed  that  the  skulls  possessing  high 
cephalic  indices  have  been  also  characterised  by  distinct  parieto- 
occipital flattening,  and  the  influence  which  artificial  pressure, 
applied  to  the  back  of  the  head  during  infancy,  may  exercise, 
either  in  producing  brachycephalic  proportions  or  in  increasing 
them,  is  a  factor  which  should  not  be  left  out  of  consideration. 

It  would  be  out  of  place  on  this  occasion  to  enter  into  the 
consideration  of  the  custom  of  mummifying  the  dead,  as  prac- 
tised by  the  ancient  Egjrptians  and  the  Guanches,  or  ancient 
inhabitants  of  Teneriffe.  But  I  may  here  refer  to  the  very 
interesting  communication  made  last  year  by  Professor  Flower 
to  the  Anthropological  Institute,^  in  which  he  described  and 

^  Journal  Anthrop.  Inst.  vol.  viii.  p.  889,  1879. 
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figured  the  mode  of  preserving  the  entire  mummified  dead  body 
of  a  man,  a  native  of  Darnley  Island,  Torres  Straits,  as  well  as 
the  mummified  body  of  a  male  Australian,  from  the  neighbour- 
hood of  Adelaide. 

The  practice  of  decorating  and  preserving  merely  the  crania 
or  the  heads  of  the  dead  prevails  very  extensively  eonongst  the 
aboriginal  inhabitants  of  the  Malayo-Polynesian  archipelago, 
and  many  collections  of  crania  contain  illustrative  specimens. 
Prepared  skulls  of  Dayaks  from  Borneo  are  in  the  collections  of 
the  late  Professor  Vrolik,  Dr  Morton,  Dr  Barnard  Davis,  and 
in  the  Museum  of  the  Boyal  College  of  Surgeons  of  England.^ 
Some  of  these  are  painted  and  ornamented  with  tinfoil,  and 
with  patterns  carved  into  the  bone,  whilst  the  nose  and  orbits 
are  filled  up,  and  cowrie  shells  introduced  into  the  latter  to 
simulate  eyes.  Dried  heads  of  New  Zealauders,  prepared  by 
breaking  away  the  base  of  the  skull,  extracting  the  brain  and  its 
membranes,  and  then  drying  the  face  with  its  tattoed  integument 
and  hair,  are  in  Drs  Morton's  and  Barnard  Davis's  collections, 
and  in  the  museums  of  the  University  and  the  Eoyal  College  of 
Surgeons  of  Edinburgh.  The  prepared  heads  of  some  Solomon 
Islanders,  decorated  with  pieces  of  mother-of-pearl,  are  in  the 
collection  of  the  Boyal  College  of  Surgeons  of  England,  and 
that  formed  by  Professor  Allen  Thomson.  Decorated  skulls  or 
heads  of  Papuans,  from  New  Guinea  and  from  Darnley  Island,  col- 
lected during  the  voyages  of  H.M.  ships  "Fly"  and  "Eattlesnake," 
are  in  the  Museum  of  the  Boyal  College  of  Surgeons  of  England. 
Those  from  Darnley  Island  have  the  integuments  of  the  face 
dried  and  painted  red,  and  with  artificial  eyes  of  mother-of-pearl 
inserted  into  the  orbits ;  whilst  those  from  the  south  coast  of 
New  Guinea  were 

"Very  curiously  ornamented  with  a  wooden  projection  inserted 
into  the  nose,  black  protruding  lumps  of  gum,  like  short  horns,  in  the 
sockets  of  the  eyes,  at  the  end  of  which  were  broad  red  seeds,  and  the 
mouth  and  lower  jaw  were  smeared  over  with  black  gum,  in  which 
were  stuck  seeds  both  red  and  white."  ^ 

^  See  also  Crama  Mhnioa^  by  MM.  de  Qnatrefages  and  Hamy,  woodcuts, 
p.  195,  also  plate  liv. 

■  Jnkes's  Narrative  ofths  Voyage  of  H,M,S.  Fly,  vol.  i.  p.  274  ;  Owen's  CojUi* 
logtte,  53&0,  6351,  5355.  Professor  Owen  states  that  5855,  the  skuU  referred  to 
in  the  above  quotation,  has  the  facial  bones  plastered  over  with  a  kind  of  ochreous 
marl,  in  which  numerous  seeds  with  a  whitish  pearly  surface  have  been  stuck. 

VOL.  XIV.  2  L 
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Again,  on  p.  198,  Mr  Jukes  states  that  the  inhabitants  of  Maer, 
one  of  the  Murray  Islands,  suspend  near  their  houses,  or  place 
on  the  stumps  of  trees,  skulls  painted  red.  He  also  saw  on 
Waier,  another  of  the  Murray  Islands,  a  skuU,  old  and  weather- 
beaten,  smeared  with  streaks  of  red  paint  and  with  several  red 
flowers  arranged  on  some  twigs  before  it. 

In  the  valuable  collection  of  crania  obtained  by  H.M.S. 
"  Challenger,"  from  Nares  Harbour,  Admiralty  Islands,  is  one 
specimen,  in  which  each  orbit  is  filled  with  a  black  hardened 
earthy  mass,  in  the  centre  of  which  is  the  valve  of  a  small 
bivedve  shell.  A  similar  material  has  been  used  to  fill  up  the 
hollow  at  the  base  of  the  skull,  between  the  foramen  magnum 
and  the  posterior  nares,  and  the  nasal  cavity,  and  it  has  also 
been  employed  in  the  modelling  of  an  artificial  nose  of  a  lo'w 
aquiline  form.  In  other  respects  this  skull  has  not  been  arti- 
ficially decorated,  but  the  outer  table  of  the  bones  of  the  vault 
shows  a  peeling  off  of  their  lamellae,  as  if  from  exposure  to  the 
weather.  Many  of  the  other  crania  from  the  same  locality  are 
smeared  with  red  pigment,  but  not  so  as  to  form  definite  pat- 
terns. 

Mr  Moseley,  in  his  account  of  the  natives  of  these  islands,^ 
states  that  on  Dentrecasteaux  Island  a  skull,  having  an  orna- 
ment in  the  nose,  was  suspended  to  the  front  of  a  house,  over 
the  doorway,  by  means  of  a  stick  thrust  through  holes  in  the 
squamous  parts  of  the  temporal  bones,  but  that  the  owner  would 
not  part  with  it.  As  the  greater  number  of  the  crania  collected 
by  the  "  Challenger"  at  Nares  Harbour  have  holes  in  the  squamous 
temporals,  they  had,  without  doubt,  been  suspended  in  a  similar 
way. 

It  is  now  known  that  the  Andaman  Islanders  frequently  wear 
a  skull  on  the  back  of  the  body,  suspended  by  a  cord  from  the 
neck.*  The  skull  is  often  smeared  with  grease  and  red  ochra 
In  Dr  Barnard  Davis's  collection  are  some  specimens  *  in  which 
all  the  surface  of  the  calvarium,  as  well  as  the  bones  of  the  face, 
had  been  scored  with  very  fine  incised  lines,  running  obliquely 

^  JowmaZ  ArUhrop,  Inst,  vol.  v.,  ejidA  NaturcUiat  on  the  Chdllengm'f  London, 
1879. 

•  See  illustrations  from  photographs  in  Dr  Brander's  paper  "  On  the  Anda- 
manese,"  in  Proc.  Roy,  Soc  Bdin.,  2d  Feb.  1880. 

'  1552,  1762,  SuppleTneni  to  Thesaurus  Craniorum. 
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across  from  each  other^  and  making  a  small  diamond-shaped 
pattern.  Dr  Davis  also  refers  to  similar  crania  described  by 
M.  de  Quatrefages.  In  the  Museum  of  the  College  of  Surgeons 
of  England,  Professor  Flower  has  described  ^  a  male  Andamanese 
skull  (1202)  stained  with  red  ochre,  and  adorned  with  tassels 
composed  of  threaded  pieoes  of  the  shell  of  Dentalmm,  and  con- 
taining within  its  cavity  several  valves  of  Novacvlina  olivacea. 
This  skull  was  worn  by  the  widow  on  her  back.  Dr  Brander 
also  describes  the  Andamanese  as  wearing  necklaces  formed  of 
the  metatarsal  and  metacarpal  bones,  the  larger  phalanges,  and 
occasionally  the  vertebwe.  A  similar  practice  of  wearing  the 
bones  of  deceased  relatives  as  ornaments  of  the  person  prevailed 
amongst  the  now  extinct  Tasmanian  people,  and  some  tribes  of 
Australians  carry,  suspended  by  a  string,  human  skulls,  which 
they  use  as  water- vessels.* 

Both  Captain  Moresby*  and  Dr  Comrie,*  who  visited  the 
eastern  part  of  New  Guinea  in  H.M,S.  "  Basilisk,"  have  pointed  out 
that  the  natives  wear  the  lower  jaw  as  a  bracelet,  a  band  of  grass 
between  the  two  rami  completing  the  circle.  Hence  it  is  difficult 
to  secure  human  crania  with  the  lower  jaws  attached  to  them. 

But  the  practice  of  decorating  and  preserving  the  heads  of  the 
dead  has  not  been  limited  to  the  races  of  the  Malayo-Polynesian 
archipelago.  Blumenbach  figures  (plate  xlvii)  '^  the  head  of  a 
Brazilian  dried  with  the  skin  and  hair.  The  mouth  and  orbits 
are  filled  with  a  hard  bituminous  material,  whilst  the  edges  of 
the  closed  eyelids  are  represented  by  a  pair  of  the  incisor  teeth 
of  the  Capybara  placed  parallel  to  each  other,  and  firmly  fixed 
into  the  bitumen. 

Dr  Barnard  Davis  has  in  his  coUeotion  the  skull  (1425)  of  a 
Charca,  a  Bolivian  Indian,*  which  reached  him  in  the  condition 
of  a  prepared  head,  with  aU  the  integuments  dried  upon  it,  and 
with  a  profusion  of  long  rich  brown  hair.  Among  the  hair  were 
two  feathers,  one  blue,  the  other  green,  whilst  a  third  feather 
was  stuck  in  the  mouth. 

^  OsUological  CcUaXoguej  part  1,  1879. 
'  Fig.  79  in  TTusaurus  Oraniorum, 

•  Discoveries  in  New  Guinea, 

*  "Anthropological  Notes  on  New  Guinea,"  in  Journal  Anthrop.  Inst.  vol.  vi 
^  Decas  Oraniorum,  Gottingen,  1790. 

'  Thesaurus  Craniorum,  p.  249. 
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From  these  observations  it  will  be  seen  that  whilst  the  habit 
of  preserving  the  heads  and  skulls  of  the  dead  has  prevailed 
over  a  very  wide  range  of  country,  and  amongst  different  races, 
yet  that  the  methods  adopted  have  been  by  no  mecms  uniform, 
and  have  varied  somewhat  with  the  nature  of  the  material  at 
hand  which  could  be  used  for  purposes  of  decoration.  Feathers, 
shells,  mother-of-pearl,  the  incisor  teeth  of  rodents,  and  tinfoil 
have  aU  been  brought  into  requisition.  Pigments  of  various 
colours  have  been  applied,  from  an  irregular  smear  on  the  sur- 
face of  the  skull  to  patterns  of  a  more  or  less  elaborate  character, 
designed  either  on  the  bones  of  the  cranium  or  on  the  face. 
Sometimes,  as  by  the  Dayaks  and  Andamanese,  a  pattern  has 
been  engraved  by  some  sharp  instrument  on  the  cranial  bones 
themselves. 

A  very  common  practice  has  been  to  fill  up  the  orbits  witii 
some  composition  of  earth,  or  resin,  or  gum,  and  to  simulate  the 
eyes  by  sticking  pieces  of  mother-of-pearl,  or  shell,  or  other 
bright  objects  into  the  material  employed  to  fill  up  the  orbit. 

Occasionally  an  artificial  nose  has  been  constructed  of  wood, 
or  clay,  or  some  composition  of  earth  with  a  resinous  or  gunimy 
substance.  In  addition  to  the  specimens  described  or  referred 
to  in  a  previous  part  of  this  communication,  others  have  been 
put  on  record.  Thus  Mr  Macgillivray,  in  his  Narrative  of  the 
Voyage  of  the  BatUesnake,  in  writing  of  the  Darnley  Islanders,^ 
says,  "Several  human  skulls  were  brought  down  for  sale,  also  a 
little  shrivelled  mummy  of  a  child.  Some  of  the  former  had 
the  skin  quite  perfect,  the  nose  artificially  restored  in  clay 
mixed  with  a  resinous  substance,  and  the  orbits  occupied  by  a 
diamond-shaped  piece  of  mother-of-pearl,  with  a  black  central 
mark."  *  In  Dr  Barnard  Davis's  collection  is  the  skull  of  a  male 
Dayak  (1406),  into  which  an  artificial  nose,  made  of  wood  and 
covered  with  tinfoil,  of  Bancan  tin,  has  been  inserted.  Professor 
Flower  also  catalogues  (744)  the  skull  of  a  male  Dayak,  obtained 
in  the  neighbourhood  of  Sarawak,  in  which  the  orbits  and  nasal 
openings  have  been  filled  with  wooden  plugs ;  and  a  second  male 

1  Vol.  ii.  p.  48. 

*  It  is  probable  tbat  specimen  1190  in  Professor  Flower's  OsUologieal  Catalogue 
of  the  Museum  of  the  RoyaX  College  of  Surgeons  of  England  is  one  of  these  skulls, 
for  it  was  obtained  from  Darnley  Island  by  Professor  Huxley,  when  assistftnt- 
surgeou  on  the  **  Kattlesnake. " 
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cranium  (745),  also  from  near  Sarawak,  which  has  been  simi- 
larly treated.  This  latter  cranium,  however,  he  thinks,  presents 
more  Melanesian  than  Malay  characters,  and  may  be  of  Papuan 
origin. 

The  masks  described  in  this  communication  display  a  higher 
degree  of  artistic  capacity  on  the  part  of  the  modeller  than  those 
above  referred  to.  Not  only  a  nose,  but  an  entire  face  has  been 
modelled  in  a  composition  applied  to  the  facial  bones,  which  has 
hardened  on  exposure,  and  has  been  subsequently  decorated  with 
paint  and  other  adornments.  It  is  worthy  of  note  that  the  type 
of  nose  designed  by  the  native  artist  differs  in  the  two  masks. 
In  the  smaller  mask  the  nose  is  of  a  low  aquiline  form,  swollen 
out  at  the  sides,  but  with  a  sharp  mesial  bridga  The  low 
aquiline  nose  of  the  "mud  figure"  has  also  a  sharp  mesial 
bridge,  but  the  sides  are  more  compressed.  In  the  larger  mask 
the  nose  is  straight,  moderately  prominent,  and  compressed  at 
the  sides,  which  would  seem  rather  to  approximate  in  shape  to 
the  Malay  type  of  nose,  as  described  by  Mr  Wallace.^  The  nose 
of  the  smaller  mask,  again,  corresponds  rather  with  that  of  the 
Papuan  in  its  aquiline  form,  but  is  not  so  large,  arched,  and 
liigh  as  Mr  Wallace  describes  the  Papuan  nose  to  be,  or  as  is 
figured  on  the  natives  of  Redscar  Bay,  New  Guinea,  from  a 
drawing  by  Mr  Huxley,  in  the  second  volume  of  the  Voyage  of 
H,M,S.  Rattlesnake,^ 

Artificial  masks,  made  of  various  materials,  have  been  de- 
scribed from  the  islands  near  New  Guinea.  Mr  Jukes  found  in 
a  hut  on  Mount  Ernest  human  bones  coloured  with  red  ochre, 
and  a  mask  or  hideous  face  of  wood,  ornamented  with  the 
feathers  of  some  struthious  bird.  He  procured  also  from 
Damley  Island  a  mask  or  face  of  tortoise-shell,  made  to  fit  over 
the  head,  which  was  used  in  their  dances.  It  was  very  fairly 
put  together,  with  hair,  beard,  and  whiskers,  projecting  ears,  and 

^  '*  Man  in  the  Malayan  Archipelago,''  Traris,  Ethnol,  Soc.  vol.  iii. 

'  See  also  Mr  Jukes's  description  of  the  Darnley  Islanders  : — "They  had  fre- 
quently almost  handsome  faces,  acquiline  noses,  rather  broad  about  the  nostril, 
well-shaped  heads,  and  many  had  a  singularly  Jewish  cast  of  features."  Mr 
Moseley  speaks  of  the  long  Jewish  noses  of  some  of  the  natives  of  Humboldt  Bay, 
on  the  north  coast  of  New  Guinea,  and  of  some  of  the  natives  of  the  Admiralty 
Islands.  Dr  Comrie  also  states  that  the  natives  of  New  Guinea  between  East 
Cape  and  Astrolabe  Bay,  have  aquiline  noses. 
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pieces  of  mother-of-pearl,  with  a  black  patch  in  the  centre  for 
the  eyes.^  A  similar  mask  made  of  tortoise  shell  was  obtained, 
also  from  Erroob,  by  M.  D'Urville,  and  is  figured  in  voL  ii.  of  the 
Atlas  Pittoresque.^ 

I  have  not,  however,  foimd  any  record  of  masks  similar  to 
those  described  in  this  communication,  formed  of  the  &cial 
bones  themselves,  on  which  a  face  had  been  modelled.  There 
can,  I  think,  be  no  doubt  that  the  larger  of  these  two  masks  had 
been  worn,  and  it  is  not  improbable  that,  like  the  tortoise-shell 
mask  above  described,  it  had  been  used  by  the  natives  in  their 
dances. 

*  This  mask  is  figured  on  p.  178,  vol.  i.  of  the  Narralive  of  the  Voyage  of  the 
Fly,     It  was  placed  in  the  British  Museum. 
'  Voyage  au  Pole  Sndy  pi.  clxxxvi. 


Explanation  of  Plate  XXX. 

Fig.  1.  The  larger  of  the  two  Masks. 

Fig.  2.  The  smaller  of  the  two  Maska 

Fig.  3.  Profile  view  of  the  Skull  from  Warrior  Island. 
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^  ON  THE  EFFECT  OF  CERTAIN  ANAESTHETICS  ON  THE 

PULMONARY  CIRCULATION.      By  David  Newman, 

^  M.B.    Reported  on  hehalf  of  the  Committee  on  Aruesthetics 

of  the  British  Medical  Association} 

In  the  last  report  of  the  Committee,*  a  series  of  experiments 
performed  with  the  object  of  investigating  the  conditions  of 
blood-pressure  in  animals  under  the  influence  of  chloroform, 
ethidene,  and  ether  was  described,  and,  in  view  of  the  facts 
obtained  therefrom,  the  Committee  felt  warranted  in  drawing 
the  following  conclusions : — 

'*  1.  Both  chloroform  and  ethidene  administered  to  animals  have  a 
decided  effect  in  reducing  the  blood-pressure,  while  ether  has  no  ap- 
preciable effect  of  this  kind. 

**  2.  Chloroform  reduces  the  pressure  much  more  rapidly  and  to  a 
greater  extent  than  ethidene. 

**  3.  Chloroform  has  sometimes  an  unexpected  and  apparently  capri- 
cious effect  on  the  heart's  action,  the  pressure  being  reduced  with 
great  rapidity  almost  to  nil,  while  the  pulsations  are  greatly  retarded 
or  even  stopped.  The  occurrence  of  these  sudden  and  unlooked  for 
effects  on  the  heart's  action  seems  to  be  a  source  of  serious  danger, 
all  the  more  that  in  two  instances  they  occurred  more  than  a  minute 
after  chloroform  had  ceased  to  be  administereii  and  after  the  recovery 
of  the  blood-pressure. 

"  4,  Ethidene  reduces  the  blood-pressure  by  regular  gradations,  and 
not,  so  far  as  observed,  by  sudden  and  unexpected  depressions. 

"  5.  Chloroform  may  cause  death  in  dogs  by  primarily  paralysing 
either  the  heart  or  the  rctspiration.  The  variations  in  this  respect 
seem  to  depend  to  some  extent  on  individual  peculiarities  of  the 
animals;  in  some  the  cardiac  centres  are  more  readily  affected,  in 
others,  the  respiratory.  But  peculiarities  in  the  condition  of  the  same 
animal  very  probably  have  some  effect  in  determining  the  vulnera- 
bihty  of  these  two  centres  respectively,  and  they  may  both  fail 
simultaneously. 

'^  6.  In  most  cases  respiration  stops  before  the  heart's  action;  but  there 

^  The  Committee  now  consist  of  Joseph  Coats,  M.D.,  Pathologist,  Western 
Infirmary,  Glasgow ;  John  G.  M*Kendrick,  M.D.,  Professor  of  Physiology, 
Uniyersity  of  Glasgow;  and  David  Newman,  M.6.,  Pathological  Chemist, 
Western  Infirmary,  Glasgow.  Br  Newman  became  a  member  of  the  Committee 
on  the  appointment  of  Dr  William  Ramsay  to  the  Chair  of  Chemistry  in  the 
University  College,  Bristol. 

'  Journal  of  Anatomy  omd  Physiology  ^  vol.  ziii.  p.  8S7,  and  British  Medieai 
Journal^  21st  Jane  1879. 
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was  one  instance  in  which  respiration  continued  when  the  heart  had 
stopped,  and  only  failed  a  considerable  number  of  seconds  after  the 
heart  had  resumed. 

"  7.  The  use  of  artificial  respiration  was  very  effective  in  restoring 
animals  in  danger  of  dying  from  the  influence  of  chloroform.  In  one 
instance  its  prolonged  use  produced  recovery,  even  when  the  heart 
had  ceased  beating  for  a  considerable  time. 

*'  8.  Under  the  use  of  ethidene  there  was  on  no  single  occasion  an 
absolute  cessation  either  of  the  heart's  action  or  of  respiration, 
although  they  were  sometimes  very  much  reduced.  It  can,  there- 
fore, be  said  that,  though  not  free  from  danger  on  the  side  of  the 
heart  and  respiration,  this  agent  is  in  a  very  high  degree  safer  than 
chloroform. 

'*  9.  These  results  confirm  and  amplify  those  stated  in  a  previous 
report,  to  the  effect  that  ethidene  does  not  compromise  the  heart  as 
does  chloroform*  By  the  method  of  experimentation  then  employed, 
the  effect  on  the  blood-pressure  could  not  be  determined;  and 
altogether  the  results  here  obtained  are  more  exact  and  unequivocaL" 

Since  the  last  report,  amongst  other  lines  of  investigation, 
both  clinical  and  physiological,  we  have  been  directing  our 
observations  to  the  study  of  the  influences  of  the  same 
anaesthetics  on  the  pulmonary  circulation;  and  it  is  to  the 
experiments  performed  with  this  object  that  we  now  desire  to 
call  attention*  One  of  the  most  striking  effects  of  anaesthetic 
agents  is  the  engorgement  of  the  right  side  of  the  heart  and 
the  large  veins  near  it.  This  has  been  directly  observed  by  the 
Gonmiittee,  and  is  well  known.  It  is  evidently  a  matter  of 
importance  to  ascertain  the  cause  of  this  phenomenon,  which 
might  be  due  to  debility  of  the  heart,  to  some  change  occurring 
in  the  lung  resulting  in  obstruction,  or  to  some  influence  on  the 
circulation  acting  through  the  nervous  centres  governing  it 
The  research  now  reported  has  reference  to  the  effect  on  the 
pulmonary  circulation. 

At  the  very  outset  it  was  found  necessary  to  devise  a  special 
apparatus  for  carrying  on  artificial  respiration  in  the  frog ;  so 
before  considering  the  results  of  the  experiments  it  will  be 
requisite  to  describe  it,  and  narrate  the  mode  of  procedure. 

The  apparatus,  a  drawing  of  which  is  shown  in  fig.  1,  consists 
of  two  graduated  cylinders,  B  and  C,  capable  of  holding  100  ac. 
each,  the  former  being  a  reservoir  for  air,  the  latter  containing  a 
supply  of  anaesthetic  vapour.  Associated  with  each  of  these  is 
a  series  of  tubes,  the  connections  and  uses  of  which  may  be  seen 
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by  referring  to  the  drawing.  From  the  pressure-bottle  (A) 
pasaes  a  tube  (a)  which  divides  into  three  portions,  two  of  which 
(ft  and  c)  pass  under  the  keys  (a;'  and  a)*)  to  C  and  B,  whilst  the 
third  branch  passes  downwards,  and  is  fastened  with  a  clamp  the 
same  as  y\    The  glass  cylinder  C  terminates  in  a  T-tube  («),  one 


limb  of  which  conducts  to  a  flaak  (D)  containing  the  ansesthetic, 
whilst  the  other  passes  to  the  manometer  K  The  upper  part  of 
the  vessel  B  likewise  terminates  in  a  T-tube,  the  one  limb  lead- 
ing to  the  manometer,  the  other  (d)  communicating  with  the  air. 
From  the  manometer  (E)  passes  a  tube  (/)  going  to  the  cannia 
(k).    The  canula  is  different  from  what  is  commonly  used,  and 
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is  represented  on  the  upper  right  hand  corner  of  tig.  1.  It  <M)n- 
sists  of  a  glass  T-tube,  one  limb  (that  introduced  into  the  glottis 
of  the  frog)  of  which  is  about  15  mm.  in  length;  this,  after  being 
slightly  constricted,  terminates  in  a  small  ball. 

Let  us  now  explain  the  method  of '  working  the  apparatus. 
The  pressure  bottle  (A)  contains  a  quantity  of  water,  which,  by 
reason  of  its  elevated  position,  exerts  a  pressure  upon  the  con- 
tents of  B  and  C.    There  are  a  number  of  clamps  used  in  closing 
the  india-rubber  tubing  at  various  points-^the  action  of  these 
will  be  explained  as  we  go  along,  and  imderstood  by  referring 
to  the  drawing.     Supposing  now  that  we  wish  to  carry  on  arti- 
ficial respiration  with  air  or  anaesthetic  vapour.    The  clamp  to 
the  right  of  h  is  opened,  whilst  all  the  others  are  closed.     To  in- 
flate the  lungs  with  air  open  the  key  a?,  and  with  anaesthetic 
vapour  x^,  and  to  empty  the  lungs  open  a?.    It  will  thus  be  seen 
that,  to  carry  on  artificial  respiration  with  air,  all  that  is  neces- 
sary is  to  open  and  close  alternately  a?  and  sc^,  and  with  anaes- 
thetic vapour  x^  an  a*.     When  all  the  vapour  in  C  is  displaced 
by  water,  and  it  becomes  necessary  to  have  a  fresh  supply,  close 
the  clamp  to  the  left  of  b,  open  y^  and  allow  the  water  to  escape 
through  the  tube,  the  prolongation  downwards  of  e,  by  removing 
the  clamp  and  opening  the  key  x^,  the  anaesthetic  vapour  will 
then  be  sucked  from  I)  into  C,  thereupon  close  all  the  clamps, 
open  the   one    to  the   left   of  b,  and  begin  the   respiration 
afresh.    When  a  supply  of  air  is  wanted,  open  y^  in  the  place  of 
y^;  Z  is  a  cork  plate  upon  which  the  frog  is  laid. 

One  of  the  first  difficulties  in  conducting  the  experiments  was 
the  trouble  experienced  in  keeping  the  canula  in  position  after 
its  introduction  into  the  glottis  of  the  frog,  and  several  attempts 
were  made  to  fasten  it  in  by  means  of  a  ligature.  This 
method  was  soon  given  up  on  account  of  its  awkwardness.  The 
canulse  shown  in  fig.  1  are  found  to  answer  very  satisfactorily: 
it  is  advisable,  however,  to  have  them  of  several  sizes,  this  being 
necessary  on  account  of  the  differences  in  the  dimensions  of  the 
glottis  in  individual  frogs.  By  passing  a  pin  through  the  upper 
and  lower  jaw  of  the  frog,  so  that  it  is  external  to  the  angle 
formed  by  the  two  limbs  of  the  canula,  the  canula  is  kept  in  per- 
fect position  without  the  use  of  a  ligature  To  complete  the 
manipxdative  portion  of  the  experiment,  it  is  now  requisite  to 
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make  an  incision  in  the  thoracic  wall,  through  which  the  lung 
is  protruded :  this  is  best  accomplished  by  placing  the  frog 
upon  its  back,  making  a  longitudinal  cut  of  about  three  quarters 
of  an  inch  half-way  between  the  spine  and  sternum^  beginning 
about  a  quarter  of  an  inch  below  the  axilla.  Having  inflated 
the  lung,  it  passes  through  the  incision  just  mentioned,  and  the 
circulation  may  be  now  watched  under  the  microscope  with  a 
power  of  from  50  to  300  diameters. 

In  conducting  the  experiments  certain  points  require  to  be 
observed — (1)  The  quantity  of  air  or  ansesthetic  vapour  passed 
into  the  lungs  during  inhalation,  (2)  the  pressure  used,  and  (3) 
the  time  occupied.    The  first  of  these  was  regulated  by  measure- 
ment, the  second  indicated  by  the  manometer.    To  save  the 
trouble,  however,  of  measuring  the  quantity  for  each  inspiration, 
the  following  method  was  adopted : — The  lung  having  been  dis- 
tended by  a  suitable  quantity  of  air  (from  3  to  4  cc.,  according 
to  circumstances),  and  a  certain  point  brought  into  focus,  the 
condition  of  the  circulation  was  observed.    By  opening  the  key 
s?  the  lung  collapsed.     Now,  instead  of  inflating,  and  again 
focusing,  the  microscope  was  kept  fixed,  and  air  or  ansesthetic 
vapour,  as  the  case  might  be,  passed  into  the  lung  till,  by  dis- 
tention, the  same  point  as  before  came  into  view.    The  focus 
may  be  as  accurately  fixed  by  gently  pressing  upon  the  keys 
x^  or  ix?,  as  by  the  adjustment  of  the  microscope.    This  method 
had  not  only  the  advantage  of  submitting  the  same  portion  of 
lung  for  examination,  but  also  guaranteed  its  equable  distention 
throughout  the  experiment,  and  so  obviated  fallacies  which 
might  arise  from  variation  in  the  quantity,  or  of  the  pressure  of 
the  atmosphere  in  the  lung.     The  average  quantity  of  air  or 
vapour  used  to  inflate  the  lung  of  a  good-sized  male  frog  equals 
4  cc,  and  the  pressure  55  mm.  (water  manometer).     During  the 
experiment  the  exposed  surface  of  the  lung  was  kept  moist  with 
a  few  drops  of  saliva  applied  occasionally.    We  will  now  give  a 
few  examples  from  a  series  of  experiments. 

Experiment  I. — A  frog  was  placed  in  a  bell-jar  containing  a  piece 
of  blotting-paper  saturated  with  chloroform,  the  web  of  the  right  foot 
(the  one  to  be  subsequently  examined)  being,  however,  kept  outside  the 
jar.  In  two  and  a  quarter  minutes,  when  reflex  action  was  destroyed, 
the  canula  was  introduced  into  the  glottis,  the  frog  Itfid  upon  the  cork- 
plate,  and  its  right  lung  exposed,  as  described  above.    On  inflating  the 
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lung  with  air,  the  circulation  both  through  the  capillary  and  large 
vessels  was  found  to  be  active — pulse   18  per  minute.      Artificial 
respiration  was  now  carried  on  by  means  of  the  apparatus,  50  cc.  of  an 
atmosphere  containing   chloroform   being  inspired  in  fifty  seconds. 
Fifteen  seconds  after  the  first  inspiration  a  distinct  change  could  be 
observed  in  the  rapidity  of  the  flow  of  blood  through  the  capillaries^ 
even  though  the  circulation  in  the  larger  vessels  was  unimpaired,  and 
the  number  of  the  heart's  impulses  remained  unchanged.     By  fifty 
seconds,  however,  not  only  had  the  pulse  become  diminished  in  numb^ 
to  a  fourth,  but  the  capillary  circulation  of  the  lung  and  web  ceased, 
and  by  seventy-five  seconds  the  flow  of  blood  through  the  large  vessels 
both  of  the  lung  and  foot  entirely  stopped,  whilst  the  heait-beate,  as 
observed  through  the  thoracic  walls,  were  four  per  minute.     Air  was 
now  substituted,  and  400  cc    passed  through   the  lungs  in  eight 
minutes.      By  this  time  the  heart-beats  had  increased  to  nine  per 
minute,  and  the  blood  b^gan  to  flow  slowly  through  the  larger  veaasla 
of  the  lung.     No  movement  could  be  detected  in  the  web.     AVhen, 
however,  600  cc  of  air  had  been  expended  in  artificial  respiration  (the 
time  occupied  being  twelve  minutes)  the  pulse  rose  to  15,  the  flow  of 
blood  through  the  lung  became  as  vigorous  as  before,  whilst  the  circula- 
tion in  the  foot  gradually  increased,  and  in  a  few  minutes  became  as 
active  as  before  chloroform  was  administered  by  artificial  respiration. 

Experiment  II. — This  experiment  was  performed  in  exactly  the 
same  manner  as  the  last,  with  the  exception  that  ethidene  dicbloride 
was  used  in  the  place  of  chloroform.  Instead  of  taking  two  and  a  half 
minutes,  as  with  chloroform  to  lose  reflex  action,  it  required  nearly 
five  minutea  On  exposing  the  lung,  its  substance  was  found  to  be 
brighter  in  colour,  and  the  circulation  more  active  than  when  chloro- 
form was  administered  The  pulse  was  twenty-three  per  minute ; 
250  cc  of  ethidene  vapour  were  now  passed  into  the  lung  (time  180 
seconds).  Forty-five  seconds  passed  before  any  change  could  be 
observed  In  105  seconds,  however,  the  capillary  circulation  in  the 
lung  and  web  ceased,  and  in  180  seconds  the  flow  through  the  vessels 
stopped,  at  which  time  the  heart's  impulses  were  seven  per  minute. 
The  stoppage  of  the  circulation  was  ahnost  simultaneous  in  the  web 
and  lung.  Artificial  respiration  was  now  carried  on  with  air.  After 
100  cc  had  been  given  (time  50  seconds),  a  slight  movement  of  the 
corpuscles  was  observed  in  the  vessels  of  the  lung,  and  in  seventy-five 
seconds  in  the  foot.  When  250  cc.  (time  120  seconds)  of  air  had 
been  passed  through  the  lung  the  capillary  circulation  gradually  became 
established,  and  by  the  time  (240  seconds)  250  cc.  had  been  respired 
it  was  as  active  as  at  the  beginning  of  the  experiment,  and  the  pulsa- 
tions of  the  heart  rose  to  18  in  the  minute. 

Experiment  IIL — In  this  experiment  ether  was  used  as  the  ansBs- 
thetic  The  frog,  placed  in  an  atmosphere  of  ether,  took  eight  and  a 
half  minutes  to  lose  reflex  action  (pulse  24  per  minute).  The  naked 
eye  and  microscopic  appearances  of  the  lung  were  much  the  same  as 
when  ethidene  was  administered.  500  cc  of  ether  vapour  were  given 
before  the  circulation  in  the  large  vessels  of  the  lung  could  be  stopped 
(time  twelve  minutes),  whilst  the  capillary  circulation  required  175  cc 
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(time  110  seconds)  before  any  change  could  be  noticed,  and  300  cc. 
to  make  it  stop  completely,  the  pulse  being  6i  in  the  minute.  The 
frog  was  now  made  to  inhale  air.  When  150  cc.  had  been  given^  the 
circulation  began  to  be  re-^tablished  in  the  larger  vessels,  the  pulse 
being  nine  per  minute,  and  when  the  air  passed  into  the  lungs 
amounted  to  200  cc,  the  capillary  circulation  also  returned  to  what 
it  was  before  the  ether  was  given  artificially.  Chloroform  vapour  was 
now  given  for  180  seconds  to  the  same  frog  with  the  following  results : 
— In  fifteen  seconds  a  marked  change  Was  observed  in  the  capillary 
circulation,  in  thirty  it  stopped,  and  in  forty-five  the  flow  through  the 
large  vessels  ceased. 

Before  passing  to  the  consideration  of  the  minute  changes  in 
the  lung,  let  us  contrast  the  following  points  as  regards  the 
comparative  effects  of  chloroform,  ethidene,  and  ether : — 

I.  The  time  required  to  produce  complete  stoppage  in  the  pul- 
monary circulation. 
II.  The  amount  of  anaesthetic  vapour  employed. 
Ill  The  quantity  of  air  necessary  to  re-establish  the  circulation 

in  the  lung. 
lY.  The  time  occupied  in  restoring  the  circulation. 

By  glancing  at  the  above  experiments,  it  is  in  the  first  place 
to  be  observed  that  the  changes  produced  by  the  three  anaes- 
thetics employed  differ  only  in  the  rapidity  of  their  occurrence, 
not  in  kind.  Thus  chloroform  may  be  placed  at  one  extreme, 
ether  at  the  other,  whilst  ethidene  occupies  an  intermediate 
position.  The  relative  effects  of  these  anaesthetics  are  shown  in 
the  following  table,  constructed  from  the  above  experiments, 
which  were  chosen  as  showing  strictly  average  results : — 


I.  Time  required  to  pro-  \ 
duce  complete    stop-  f 
page   of    pulmonary  C 
circulation,        .        .  f 
II.  Amount  of  anaesthetic  ) 
vapour  employed,     .  J 

III.  The  quantity  of  air  ne-  ^ 

ceasary  to  re-establish  I 
circulation  in  lung,   .  J 

IV.  Time  occupied  in  restor- ) 

ing  the  circulation,    .  ( 

V.  Heart's  impulses  before ) 

artificial  respiration,    ) 

VI.  Heart's  impulses  when  { 

circulation  has  stop-  - 

IHSU,    ■              •              •             .4 

Chloroform. 

Ethidene 

Ether. 

75  seconds 

50  cc. 

600  cc 

720  seconds 
18 

4 

180  seconds 

250  cc 

250  cc 

240  seconds 
23 

7 

270  seconds 

500  cc 

200  cc 

180. 
24 

6i 
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The  difiference  in  the  action  of  these  anaesthetics  will  be  seen 
from  the  above  table  not  only  to  depend  upon  a  variation  in  the 
amount  of  anaesthetic  vapour  required  to  produce   complete 
stoppage  of  the  circulation  in  the  lung,  but  also  in  the  want  of 
uniformity  in  the  quemtity  of  air  necessary  to  restore  it  to  its 
former  condition.     For  instance,  the  chloroform  vapour  neces- 
sary to  stop  the  circulation  is  50  c.c.  administered  in  75  seconds ; 
ethidene,  260  c.a  administered .  in   180  seconds;   and  ether, 
500  C.C.  in  270  seconds.    Now,  it  might  be  expected  that  the 
amount  of  air  required  to  eliminate  the  ethidene  taken  up  by 
the  lung  during  its  exposure  to  the  action  of  250  c.c.  of  vapour, 
should  be  greater  than  that  needed  to  free  the  circulation  from 
the  effects  of  50  ao.  of  chloroform,  and  more  particularly  when 
it  is  observed  that  the  time  during  which  the  ethidene  vapour 
was  in  contact  with  the  lung,  amounted  to  almost  two  and  a- 
half  times  as  long  as  the  chloroform.    But  this  is  not  the  case. 
In  fact  the  contrary  may  be  affirmed.    The  longer  it  takes  to 
place  the  circulation  in  abeyance,  and  the  greater  the  amount  of 
ansesthetic  vapour  used,  the  shorter  is  the  time  requisite  to  re- 
establish the  pulmonary  circulation,  and  the  smaller  the  amount 
of  air  necessary  to  do  so ;  in  other  words,  the  length  of  time 
and  the  amount  of  air  employed  in  artificial  respiration  with 
the  object  of  restoring,  is  in  an  inverse  ratio  to  time  and  amount 
of  aufiesthetic  vapour  required  to   stop  the  circulation.     The 
impulses  of  the  heart,  both  in  relation  to  their  frequency  and 
other  characters,  will  be  more  carefully  studied  further  on. 

The  next  question  which  presents  itself  for  our  consideration 
is  one  of  considerable  importance  and  interest,  namely,  what  are 
the  changes  which  take  place  in  the  lung  when  anaesthesia  is 
pushed  to  its  utmost  point,  and  how  are  these  alterations  to  be 
explained?  We  will  first  attempt  to  describe  the  changes, 
and  then  proceed  to  the  consideration  of  the  causes  which  bring 
them  about. 

When  anaesthetics  are  administered  in  excessive  quantities, 
the  first  change  noticed  in  the  circulation  in  the  lung  is  a 
diminution  in  the  rapidity  of  the  flow  of  blood  in  the  capillaries, 
and  this,  notwithstanding  that  the  number  of  the  heart's  im- 
pulses remain  unchanged,  and  the  circulation  through  the  larger 
vessels  is  unimpaired.     Very  shortly  after  this,  instead  of  the 
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flow  of  blood  being  constant,  it  gradually  becomes  intermitte  nt 
first  in  the  capillaries,  afterwards  in  tbe  arterioles,  and  subse- 
quently in  the  lai^er  vessels.  This  intermission  in  the  flow  of 
blood  is  followed  by  a  swinging  to  and  fro  movement  of  the 
corpuscles  just  previous  to  the  stoppage  of  the  circulation 
through  the  capillaries. 

It  must  now  be  observed  that  the  stoppage  of  the  circulation 
in  the  lung  takes  place  first  in  the  capillaries,  then  in  the 
arterioles,  and  last  of  all,  in  the  larger  vessels  :  further,  that  the 
sequence  in  recovery  is  exactly  the  reverse.    Again,  it  is  to  be 


Fig.  2. 
noticed  that  the  circulation  in  the  foot  stops,  not  previous  to, 
but  shortly  after  that  of  the  lung,  and  its  re-establislunent  never 
occurs  before,  but  always  subsequent  to  the  restoration  of  the 
pulmonary  circulation.  The  more  minute  changes  to  be  observed 
in  the  lung  are  represented  in  the  woodcuts  figa.  2  and  3. 

When  the  lung  is  jwt  over-distended,  and  the  amount  of 
anaesthetic  vapour  admicistered  moderate,  a  plexus  of  irregularly- 
shaped  meshes  may  he  observed,  formed  in  the  alveoli  by  the 
capillary  vessels.  The  diameter  of  the  capillaries  varies  freni 
■0225  to  '0275  mm.,  whUst  the  size  of  the  corpuscles  may  be 
laid  down  as  from  -020  to  '025  mm.,  and  the  enclosed  spaces 
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from  '040  to  '060  mm.,  or  even  mora  The  raesbes  (fig.  2,  B) 
uot  only  vary  la  size  amODgst  themselves,  but  also  at  difieient 
times,  according  to  the  pressure  exerted  upon  the  air  in  the 
pulmonary  sac.  So  much  is  this  the  case,  that  should  the  lung 
be  ovei-diateDded,  the  meshes  become  so  stretched  that  they 
diminish  the  cahbre  of  the  capillaries,  and  so  retard,  or  even 
prevent,  the  flow  of  blood ;  hence  the  necessity  of  having  tJie 
lung  equally  inflated  throughout  the  experiment.  Whilst  the 
circulation  is  active,  the  contour  lines  of  the  flat,  irr^ukr- 


Fig.  s. 

shaped  alveolar  epithelium  (fig.  2,  D)  of  the  meshes,  as  well  as 
their  nuclei  (fig.  2,  C),  may  be  distinctly  seen,  and  the  ontline 
of  the  capillaries  (6g.  2,  B)  is  well  marked.  When,  however, 
the  ansesthetic  has  been  pushed  so  as  t«  stop  the  pnlmonaiy 
circulation,  the  individual  epithelium  cells  become  at  first  indis- 
tinct; the  nuclei  also  become  less  evident  and  subsequently 
disappear,  so  that  instead  of  presenting  the  aspect  of  cellular 
structures,  the  meshes  enclosed  by  the  capillaries  show  them- 
selves as  if  they  were  spaces  filled  with  granular  protoplasm. 
Further,  the  limitations  of  the  meshes  themselves  (fig.  3.  B) 
become  so  indistinct,  that  it  is  with  considerable  diflBculty  that 
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the  course  of  the  capillaries  can  be  traced.  This  difficulty  is 
increased  by  the  tendency  of  the  corpuscles  to  aggregate  them- 
selves at  certain  points  (fig.  3,  A),  and  so  leave  empty  spaces 
where  the  capillaries,  partly  on  account  of  this  deficiency, 
become  invisible  (fig.  3,  B).  The  want  of  clearness  in  the 
definition  of  the  capillaries  is  not,  however,  entirely  due  to  the 
absence  of  corpuscles,  for  even  where  the  corpuscles  are  abundant 
(fig.  3,  A),  the  capillary  walls  are  less  distinct  than  when  the 
circulation  is  active.  As  regards  the  calibre  of  the  arterioles 
and  capillaries,  it  may  be  roughly  stated  that  the  former  con- 
tract a  sixth,  the  latter  a  ninth  from  what  they  were  previous  to 
the  administration  of  the  anaesthetic  vapour  by  artificial  respira- 
tion. The  causes  of  this  contraction  will  be  considered  here- 
after. Should  repeated  supplies  of  air  be  now  passed  into  the 
lung,  the  condition  of  that  organ  will  be  restored  to  what  it  was 
before  the  anaesthetic  was  given. 

The  corpuscles  themselves  appear  also  to  be  altered  by  the 
action  of  the  anaesthetic  vapour,  in  so  far  that  at  some  points 
they  appear  as  if  they  had  become  completely  disintegrated  and 
their  place  filled  by  a  mass  of  a  reddish  coloured  material  which 
disappears  on  the  re-establishment  of  the  circulation. 

The  granular  appearance  presented  by  the  contents  of  the 
meshes  and  the  disintegrated  condition  of  the  corpuscles  are  not 
represented  in  fig.  3,  in  which  figure  the  outline  of  the  corpuscles 
is  too  distinctly  shown. 

In  order  to  determine  the  effect  of  anaesthetics  upon  the 
cardiac  impulses  another  series  of  experiments  became  necessary. 
These  experiments  were  performed  by  means  of  a  very  com- 
plete recording  apparatus  in  the  Physiological  Laboratory  of  the 
University  of  Glasgow.  A  sheet  of  paper  8  feet  long  and  broad 
enough  to  accommodate  ten  tracings  at  different  levels,  was 
adapted  to  the  cylinders  so  that  a  continuous  tracing  of  80  feet, 
if  necessary,  might  be  obtained ;  at  the  same  time  a  record  of 
time  was  taken  corresponding  to  each  individual  tracing,  and, 
besides,  by  means  of  electro-magnetic  arrangements,  the  periods 
at  which  anaesthetics  were  administered  ox  certain  changes 
observed  were  recorded.  Fig.  4  shows  selected  portions  of  these 
tracings. 

The  method  adopted  in  recording  the  movements  of  the  heart,. 
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was  very  simple.     The  heart  was  supported  upon  a  amsll  st^e 
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was  placed  obliquely  across  the  heart  iu  order  to  rest  both  upon 
the  auricle  and  ventricle,  so  that  the  first  portion  of  the  up- 
stroke might  correspond  with  the  contraction  of  the  auricle. 
When  the  ventricular  contractions  closely  follow  those  of  the 
auricle  the  ascent  line  is  straight,  and  no  indication  of  the  latter 
as  separated  from  the  former  can  be  detected,  whereas  if  the 
ventricular  contractions  are  dekyed  the  lower  portions  of  up- 
strokes become  curved  (tracing  vni.  fig.  4). 

With  the  purpose  of  instituting  a  standard  of  comparison  a 
tracing  of  the  heart's  impulses  is  shown  in  fig.  4,  tracing  L,  where 
the  frog  was  under  the  influence  of  curare.  The  heart's  im- 
pulses were  40^  per  minute,  whilst  the  period  of  activity  may 
be  said  to  occupy  2'5  hundredths  of  a  minute,  so  that  the  period 
of  rest,  as  far  as  indicated  by  the  tracings,  may  be  regarded  as  ml. 

Chloroform  was  now  given  for  fifteen  minutes  by  means  of 
artificial  respiration  to  the  curarised  frog,  and  another  tracing 
taken  (fig.  4,  tracing  ii.).  It  may  now  be  observed  that  the 
heart's  beats  are  23  per  minute,  and  still  the  period  of  rest  is 
not  distinctly  marked.  In  these  tracings  the  up-strokes  are 
rapid,  and  the  periods  occupied  in  the  contractions  are  not  great. 
Tracings  in.  and  iv.  show  the  pulsations  of  the  heart  under  the 
influence  of  ether,  the  former  immediately  on  the  heart  being 
exposed,^  the  latter  after  ether  had  been  administered  for  seven 
minutes  by  artificial  respiration.  The  pulsations  in  itl  and  iv. 
are  21  and  19  respectively,  so  that  as  contrasted  with  tracing  i. 
they  may  be  said  to  be  diminished  in  number  by  about  a  half. 
The  period  of  rest  is  not  well  marked  in  either  of  these  tracings. 
Tracings  V.  and  vi.  were  taken  from  a  frog  under  the  influence  of 
ethidene,  the  one  on  exposing  the  heart;  the  other  after  ethidene 
had  been  given  by  artificial  respiration  for  five  minutes. 

Let  us  now  examine  these  tracings  more  carefully.  In 
ti*acing  V.  the  pulsations  are  16  per  minute.  The  period  of 
activity  occupies  about  2*8,  and  that  of  rest  3*5  hundredths  of 
a  minute.  The  ascent  line  is  not  quite  straight,  there  being  a 
slight  curve  both  at  the  apex  and  base,  the  apex  is  rounded  and 
the  descent  line  slightly  sloped.  In  tracing  vi.  the  impulses 
are  diminished  in  number  to  seven  per  minute.  This  diminution 
will  be  seen  to  be  due  to  two  causes — first  and  principally,  to 
prolongation  of  the  period  of  rest ;  and  second,  to  lengthening 
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of  the  period  of  action,  so  that  not  only  are  the  spaces  between 
the  waves  greater,  but  the  intervals  between  the  origin  of  the 
ascent  lines  and  the  termination  of  the  down-strokes  are  also 
increased.    To  represent  this  in  figures  it  may  be  said  that  the 
period  of  activity  equals  a  little  more  than  four-hundredths,  and 
the  period  of  rest  ten-hundredths  of  a  minute.    Tracings  yil, 
vni.,  IX.,  and  x.  are  those  of  a  frog  under  the  influence  of  chloro- 
form.    Tracing  vii.,  immediately  on  exposure  of  the  heart; 
VIII.,  after  artificial  respiration  with  chloroform  for  two  minutes, 
150  C.C.  of  vapour  having  been  employed ;  ix.,  recovery  after 
artificial  respiration  with  air  for  three  minutes;  and  x.,  after 
giving  200  c.c.  more  of  chloroform-vapour,  the  time  occupied 
being  two  minutes.      The  impulses  in  tracing  vn.  are  eleven 
per  minute.     It  will  be  observed  that  from  the  termination  of 
the  down-stroke  to  the  beginning  of  the  following  ascent  line 
there  is  a  gradual  rise  in  the  tracing.    This  is  due  to  the  alow 
filling  of  the  cavities  of  the  heart.    The  up-strokes  are  slightly 
curved,  the  apices  rounded,  whilst  the  descent-lines  are  abnost 
straight.     By  pushing  the  chloroform  by  means  of  artificial 
respiration  we  always  get  tracings  similar  to  what  is  repre- 
sented in  vni.    Take  for  instance  the  large  wave  in  the  centre 
of  the  tracing,  instead  of  the  up- stroke  arising  directly  from  the 
basement  line  it  is  preceded  by  a  small  wave  (a^),  correspond- 
ing with  the  contraction  of  the  auricle.     From  the  apex  of  this 
wave  it  rises  slowly  so  as  to  form  the  ascent  line,  which  termin- 
ates in  a  rounded  apex.    The  descent  line  frequently  termin- 
ates in  a  smaller  wave  (tracing  x.  a^),  which  also  corresponds 
with  a  contraction  of  the  auricle.     It  is  further  to  be  noted  that 
the  auricular  contractions  (tracing  vni.  a')  are    not  always 
followed  by  corresponding  auricular  movements,  the  auride 
continuing  to  contract  at  r^ular  intervals  although  the  ventricle 
ceases  to  respond. 

Let  us  now  consider  the  facts  demonstrated  by  the  tracings 
placed  alongside  the  changes  observed  in  the  lung,  by  means  of 
the  microscopa 

It  is  evident  that  the  interference  with  the  proper  action  of 
the  heart  accounts  to  a  considerable  extent  for  the  changes  in 
the  pulmonary  circulation  and  tissue.  Thus  the  slowing  of  the 
circulation  through  the  lung  and  the  diminution  of  the  calibre 
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of  the  arterioles  and  capillaries  correspond  exactly  with  the 
impairment  of  the  heart's  impulses ;  but,  then  again,  it  may  be 
questioned,  how  far  the  stoppage  of  the  heart  depends  upon 
increased  resistance  to  the  flow  of  blood  through  the  pulmonary 
vessels.  We  have  shown  above  that  when  the  lung  is  exposed 
the  current  of  blood  is  continuous,  there  being  no  intermittent 
movement,  as  a  result  of  the  ventricular  contractions ;  when, 
however,  anaesthetics  are  administered  in  larger  quantities,  the 
flow  becomes  interrupted,  the  arterioles  and  capillaries  diminish 
in  calibre,  and  certain  changes  are  observed  in  the  pulmonary 
tissue.  The  changes  in  the  diameter  of  the  vessels  may  be 
regarded  as  a  result  of  a  slowing,  and  less  forcible  contracting 
of  the  ventricle,  or  it  may  be  due  to  local  effects  of  the  anaes- 
thetic upon  the  lung,  producing  greater  resistance  to  the  flow  of 
blood,  and  so  preventing  the  heart  emptying  itself.  The  latter 
idea  is  supported  by  the  fact  that  when  the  animal  is  deeply 
under  the  influence  of  the  .ansesthetic,  particularly  chloroform, 
the  heart  is  greatly  distended.  Another  fact  which  must  not 
be  forgotten  is  the  change  in  the  condition  of  the  corpuscles  and 
the  capillaries.  The  mutual  relationship  of  these  may  be  so 
altered  by  the  direct  action  of  the  anaesthetic,  that  the  force  of 
the  heart  required  to  propel  the  blood  through  the  pulmonary 
vessels  is  increased,  whilst  by  reason  of  the  action  of  the  anaes- 
thetic upon  the  heart  the  power  at  its  disposal  is  considerably 
diminished.  The  disintegration  of  the  blood  corpuscles,  as 
pointed  out  above,  shows  distinctly  that  the  anaesthetic-vapour 
has  a  direct  effect  upon  the  blood. 

The  facts  obtained  from  these  researches  seem  to  us  to 
warrant  the  following  conclusions: — 

1.  As  in  the  experiments  on  the  effects  of  the  anaesthetics 
upon  the  blood-pressure,  it  may  be  stated  that  chloroform  pro- 
duces the  most  immediate  effect,  ether  the  least,  whilst  ethidene 
occupies  an  intermediate  position. 

2.  The  quantity  of  air  and  the  length  of  time  required  to 
restore  the  circulation  in  the  lung  is  in  an  inverse  ratio  to  the 
amount  of  anaesthetic-vapour,  and  time  necessary  to  stop  it. 

3.  The  changes  produced  in  the  lung  are  the  same  in  all,  the 
only  difference  being  in  the  rapidity  of  their  occurrence. 

4.  The  anaesthetics  produce  the  following  changes  in  the  lungs 
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— (1)  Slowing  and  ultimate  stoppage  of  the  circulation  in  the 
lung,  first  in  the  capillaries,  then  in  the  arterioles,  and  subse- 
quently in  the  larger  vessels ;  (2)  the  epithelium  cells  of  the 
meshes  and  their  nuclei  are  no  longer  apparent;  (3)  the 
capillaries  contract  slightly,  and  their  walls  become  less  diB-- 
tinct  or  even  disappear  from  view,  and  the  enclosed  corpuscles 
may  become  more  or  less  disintegrated. 

5.  The  effect  of  ether  and  ethidene  upon  the  heart  after  arti- 
ficial respiration  for  seven  and  five  minutes  respectively,  is  simply 
to  produce  a  slowing  of  the  impulses,  ethidene  having  the  most 
marked  effect.  Chloroform  not  only  produces  a  slowing  of  the 
pulse,  but  the  ventricular  contractions  are  delayed  and  slightly 
separated  from  the  auricular,  and  an  auricular  contraction  may 
immediately  follow  the  ventricular.  The  auricular  contractions 
frequently  occur  without  any  corresponding  ventricular  move- 
ments.^ 

The  Committee  purpose  giving  a  complete  report  of  their  in- 
vestigations up  to  the  present  time  at  the  approaching  meeting 
of  the  British  Medical  Association  at  Cambridge. 

'  In  connection  with  this  point  Dr  Coats  is  at  present  engaged  with  an  investi- 
gation into  the  eifect  of  anaesthetics  upon  the  cardiac  ganglia. 
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NOTE  ON  A  NEW  METHOD  OF  PEESERVING  THE 
COLOURS  OF  TISSUES.  By  Howard  Bendall,  Student  of 
Medicine^  University  of  Edinburgh. 

It  would  undoubtedly  be  a  great  advantage  if  the  epecimens  in  our 
Anatomical  Museums  could  be  preserved  with  their  original  colours 
unaltered;  but,  unfortunately,  hsemoglobin  and  most  of  the  other 
pigments  found  in  the  tissues  are  dissolved  out  or  destroyed,  to  a 
greater  or  less  extent,  by  all  the  preservative  fluids  which  are  usually 
employed.  If  a  piece  of  fresh  tissue  be  placed  in  commercial  alcohol 
it  very  soon  becomes  bleached,  and  the  fluid  becomes  at  the  same  time 
discoloured  by  solution  of  the  colouring  matters.  Hsemoglobin  is 
soluble  in  almost  every  known  fluid,  with  the  exception  of  absolute 
alcohol,  which,  however,  causes  great  shrinkage  of  the  soft  parts,  and 
is,  moreover,  too  expensive  to  be  very  generally  employed.  Solutions 
of  chloral  hydrate  have  been  used  (and  with  great  advantage  in  many 
cases);  but  here  again,  although  the  colouring  matters  are  by  this 
means  retained  unaltered,  yet  they  are  not  thereby  rendered  insoluble, 
and  hence  they  tend  to  pass  out  into  the  fluid,  leaving  the  tissues 
partially  decolorised.  Other  media  have  been  tried,  but  all  have  a 
similar  imperfection.  By  baking  or  otherwise  heating  the  tissues,  the 
pigments  are  so  altered  as  to  be  rendered  insoluble  in  klcohol ;  but,  in 
addition  to  the  tediousness  of  the  process,  the  action  of  alcohol  is  then 
to  turn  them  black  in  the  course  of  time,  and  hence  this  method  is  but 
little  employed,  except  with  the  object  of  demonstrating  large  extra- 
vasation and  similar  changes. 

Now  it  IB  a  distinguishing  characteristic  of  haemoglobin  that,  although 
a  crystalline  body,  it  is  not  diflusible ;  and  hence  it  occurred  to  the 
writer  that  if  specimens  could  be  coated  with  a  transparent  membrane 
of  a  homogeneous  nature,  the  colouring  matters  would  be  preserved  in 
situ.  For  this  purpose  let  a  quantity  of  isinglass  or  transparent  gela- 
tine be  taken  and  steeped  in  excess  of  cold  water  for  twenty-four 
hours,  and  then,  after  draining  off  the  supernatant  fluid,  be  dissolved 
by  heating  over  a  water-bath.  The  specimen  is  then  taken,  and,  after 
being  carefully  wiped  to  remove  superiiuous  moisture,  is  either  plunged 
in  the  liquid  gelatine  or  brushed  thoroughly  over  therewith  by  means 
of  a  camel's-hair  brush.  After  having  received  an  uniform  coat^  the 
specimen  is  suspended  in  a  cool  and  dry  atmosphere  for  two  or  three 
hours,  until  the  gelatine  has  had  time  not  only  to  set^  but  to  dry 
slightly  on  its  external  surface ;  it  may  then  be  suspended  in  a  jar  of 
alcohol,  taking  care  that  it  be  not  allowed  to  rub  against  the  sides  of 
the  jar  for  the  first  twenty-four  hours.  The  alcohol,  by  its  dehydrating 
power,  rapidly  removes  the  excess  of  water  in  the  gelatine,  and  dries 
it  up  to  a  thin  varnish-like,  and  (if  suitable  gelatine  be  employed) 
perfectly  transparent  coat,  through  which  the  pigments  are  unable  to 
pass  out.     The  alcohol  employed  should  not  be  cUluted,  for  if  this  be 
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done  the  gelatine  remains  soft  and  e&silj  comes  off.  By  this  means  I 
have  been  enabled  to  preserve,  in  an  ahnost  unaltered  condition, 
portions  of  musde,  liver,  &c.,  for  over  four  months  (the  period  oTer 
which  my  investigations  have  extended)  ;  and  not  only  so,  but  more 
delicate  gradations  of  colour,  such  as  are  seen  in  an  atheromatoiiB 
aorta,  for  example,  are  well  maintained. 

It  is  as  well  to  point  out  that  this  method  is  not  suitable  for  such 
tissues  as  contain  very  much  blood — e,g.f  the  spleen — ^nor  for  cyanotic 
organs ;  for  in  such  cases  the  blood  pigment  is  carried  to  llie  free 
surface,  and  deposited  beneath  the  gelatine  in  a  layer  which  may  be  so 
dense  as  to  give  a  darkened  and  discoloured  appearance  to  the  speci- 
men. 

Nevertheless,  for  most  tissues  the  above  method  has  hitherto  yielded 
highly  satisfactory  results,  and  has  the  additional  advantage  that  the 
alcohol  does  not  become  muddy  or  discoloured,  and  hence  does  not 
require  to  be  frequently  renewed. 


VARIATIONS  IN  MYOLOGY.  By  J.  Macdonald  Brown,  lately 
Assistani'Demongtrator  of  Anatomy  in  the  Universiiy  of  Edin- 
burgh. 

Whilb  acting  as  Demonstrator  of  Anatomy  in  the  Anatomical  Rooms 
of  the  Owens  College,  Manchester,  I  was  privileged  to  observe  some 
very  interesting  exceptions  to  ordinary  human  myology.  The  most 
striking  of  these  were  the  following  : — 

L  Leoa^of  Costos  Prima!. — A  slender  muscle,  taking  origin  from  the 
superior  border  of  the  scapula,  and  partly  from  the  supra-scapolAr 
ligament  It  was  found  to  end  in  a  rounded  tendon,  which  was 
inserted  into  the  first  rib,  immediately  external  to  its  cartilage.  It 
derived  its  nervous  supply  from  the  suprarscapular  nerve.  The  muscle 
existed  on  both  sides  of  the  body. 

II.  Levator  Claviculm. — This  muscle,  as  indeed  the  above  also,  has 
been  frequently  noticed  by  anatomical  observers.  What,  however, 
makes  this  levator  claviculsB  specially  interesting  is  the  fetctthat,  having 
subsequently  made  dissections  of  the  muscular  system  of  the  Chim- 
panzee, I  found  the  muscle  in  that  animal  to  be  identical  in  origin, 
form,  insertion,  and  nervous  supply  with  the  one  in  the  human  sub- 
ject In  both  oases  it  arose  from  the  anterior  tubercles  of  the  Ist 
and  2d  cervical  vertebrsB,  passed  downwards  and  outwards,  and  was 
inserted  into  the  posterior  surface  of  the  clavicle  rather  external  to  its 
middle.  Its  nervous  supply  was  derived  from  the  2d  cervical  nerve. 
The  muscle  only  existed  on  one  side  of  the  body. 

IIL  In  this  case  the  thenar  muscles  were  almost  entirely  awanting. 
The  adductor  pollicis  was  the  only  one  present,  and  even  it  was 
extremely  rudimentary.  The  student  who  was  dissecting  the  right 
hand  called  my  attention  to  the  peculiarity ;  but  the  dissection  was 
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too  far  advanced  to  admit  of  a  minute  e^Lamination  of  the  configura- 
tion of  parts.  I  was,  however,  fortunate  enough  to  secure  the  left 
hand  hefore  its  dissection  had  heen  begun,  so  that  I  was  therefore 
enabled  to  make  a  caref  iil  examination  of  the  condition.  The  thenar 
eminence  was  practically  lost,  the  external  aspect  of  the  palm  being 
much  flattened.  When  the  skin,  fasciae,  &c,  had  been  removed,  it 
was  found  that  the  muscles  of  the  ball  of  the  thumb  were  entirely 
awanting,  with  the  exception  of  the  adductor.  The  latter  was  a  very 
rudimentary  muscle,  but  had  the  ordinary  origin,  insertion,  and  rela- 
tions. 

Although  the  muscles  themselves  were  absent,  yet  their  place  was 
occupied  by  a  series  of  ligamentous  flattened  bands,  connected  on  the 
one  hand  with  the  tendons  of  the  flexor  longus  poUicis  and  flexor 
digitorum  sublimis,  and  on  the  other  with  the  bones  of  the  thumb. 
These  fibrous  bands,  three  in  number,  were  attached  to  the  above 
tendons  immediately  after  they  had  emerged  from  under  the  anterior 
annular  ligament. 

Their  exact  bony  attachments  could  not  be  defined,  as  they  had 
become  blended  together  before  they  reached  the  proximal  part  of  the 
2d  phalanx.  When  the  flexor  tendons  were  drawn  upon,  the  thumb 
was  abducted  and  slightly  opposed. 

No  history  of  any  nervous  lesion  or  of  progressive  muscular  atrophy 
could  be  ascertained,  but  there  was  strong  evidence  against  the 
presence  of  the  latter  in  the  fact  that  the  hypothenar  muscles  were 
normal  in  size,  and  that  there  was  no  marked  wasting  of  any  of  the 
other  muscles  of  the  body. 

Dr  D.  J.  Cunningham,  of  Edinburgh  University,  in  his  able  paper 
on  ''The  Intrinsic  Muscles  of  the  Mammalian  Foot,''  describes  an 
arrangement  in  the  pes  of  the  Dasypas  sexcinctiis  which  much  re- 
sembles the  condition  I  have  described.  He  states  that ''  where  any 
of  the  muscles  were  absent,  their  place  was  taken  by  fibrous  bands 
having  the  same  connections  and  dispositions  as  those  muscles  of 
which  they  were  the  substitutea"^ 

^  Journal  of  AneU,  cmd  Phys.  March  1880. 
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SUR  LES  PHfiNOMilNES  ELECTRIQUES  DU  CGEUR  1 
UiTAT  D' ACTIVITY,  par  Th.  W.  Engblmann.  Archives 
NierlandaueSj  t  xv. 

{Ab8tra4^  by  George  A,  Gihwn,  M.B,) 

Sons  years  ago  Professor  Engelmaim  of  Utrecht  instituted  a  series  of 
experiments  on  the  electric  phenomena  of  the  heart  in  a  state  of  repose, 
which  were  carried  on  with  the  assistance  of  Drs  Nuel  and  Pekel- 
haring.  The  results  of  these  were  reported  to  the  Royal  Acadomies  of 
Belgium  and  of  Amsterdam.  A  continuation  of  the  work  by  Engel- 
mann  alone  was  published  in  1875,  and  since  then  he  has  studied  the 
phenomena  of  the  heart  in  action. 

Oeneral  plan  of  the  eatyperiments, — ^The  hearts  were  those  of  large 
frogs,  carefully  removed  and  placed  in  the  moist  chamber.  The 
stimulation  was  either  direct,  by  excitation  of  the  ventricle  itself,  or 
indirect,  by  acting  upon  the  ventricle  through  the  auricle.  The 
stimulation  was  caused  by  the  interruption  of  an  induced  current,  or 
by  the  differential  rheotome  of  Bernstein  as  modified  by  Da  Bois- 
Roymond  and  Engelmann. 

The  electrodes  of  excitation  were  composed  of  platinum  points 
isolated  almost  up  to  their  extremities,  these  being  sometimes  placed 
upon  and  sometimes  introduced  a  certain  depth  into  the  heart  muscle. 
To  receive  the  current  from  the  ventricular  substance  electrodes  of 
clay  were  used.  To  avoid  pressure  on  the  moving  object  they  were 
modelled  out  of  very  soft  clay,  and  their  points  were  each  further  pro- 
vided with  an  end,  made  either  of  cotton  moistened  with  a  \  per  cent 
solution  of  sodium  chloride,  or  of  mesentery. 

As  soon  as  the  stimulation  was  produced  the  circuit  of  the  exciting 
current  was  broken,  and  as  soon  as  the  heart  current  was  derived  the 
galvanometer  was  shut  out  of  the  circuit,  so  that  the  observation  was 
made  from  the  action  of  a  single  stimulus.  After  derivation  extending 
to  a  duration  of  0*03  -  008  sec,  the  extent  of  the  action  could  be 
recognised  with  sufficient  exactitude  and  without  the  necessity  of  using 
an  instrument  with  the  sensibility  exalted  to  an  embarrassing  extent. 

Oeneral  aUion  of  the  surface  of  the  heart  under  the  mfluence  of 
direct  and  indired  stimuli. — The  current  was  derived  from  the  ex 
tcrior  of  the  ventricle  at  two  points,  inactive  in  repose,  and  unequally ^ 
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removed  from  ihe  part  excited.  With  dired  etimulationfi  of  the  ven- 
tricle, of  78  experiments  47  gave  evidence  of  the  stimulation  by 
deviation  of  the  galvanometer  minor  in  opposite  directions,  the  elec- 
trode nearer  the  point  of  excitation  being  firstly  negative  and  secondly 
positive  relatively  to  the  other.  In  the  other  31  experiments  the 
positive  action  was  absent,  in  26  the  initial  indifference  being  restored, 
and  in  5  a  slightly  negative  condition  being  left  In  all  these  cases, 
therefore,  ihe  nearer  point  at  once  showed  a  negcUtve  action. 

This  result  was  quite  independent  of  all  the  other  conditions  of  the 
experiments.  With  stimuli  applied  at  any  part  of  the  ventricle,  and 
with  the  electrodes  of  derivation  at  any  part  as  well,  the  results  were 
constant.  The  first  conclusion  to  draw  from  these  facts  is  that  from 
the  time  of  excitation  each  part  of  the  ventricle  acguires  transitorily 
a  negative  electro-moHve  activity,  atid  that,  starting  from  the  stimulated 
part,  no  matter  where  it  may  be,  this  negativity  propagates  itself  in 
all  directions  over  the  heart. 

When  ihe  ventricle  was  stimulated  by  the  intermediaiian  of  the 
auricles,  a  negative  activity,  usually  foUowed  by  a  positive,  was  de- 
rived, and  this  result  was  also  seen  when  the  heart  beat  spontaneously. 
The  negative  action  did  not  show  itself  until  the  termination  of 
auricular  action,  and  could  not,  therefore,  be  due  to  it. 

PartidUars  relative  to  the  form  and  course  of  the  oscillation, — ^Engel- 
mann  has  expressed  the  course  of  each  electric  current  by  a  curve,  of 
which  the  abscisses  are  proportional  to  the  intervals  of  time  from 
stimulation,  and  the  ordinates  to  the  deviation  of  the  galvanometer 
needle.     The  curves  are  remarkably  alike. 

The  oscillation  b^gan  at  the  point  excited  immediately  after  the 
application  of  the  stimulus.  The  mean  increase  of  negativity  was  0*09 
sec,  and  the  curve  shows  that  the  increase  was  continuous,  shown  as  a 
nearly  straight  line,  slightiy  accelerated  at  first  The  continuous 
nature  was  seen  even  when  the  time  of  excitation  was  reduced  to  a 
minimum,  as  well  as  when  the  stimulus  was  applied  through  the 
auricles.  This  is  another  proof  that  the  systole  of  the  heart  is  a  simple 
contraction  and  not  in  the  least  tetanic  in  its  nature. 

The  stage  of  decreasing  negativity  was  usually  somewhat  longer.  It 
almost  always  began  at  the  cessation  of  the  increase  without  any  in- 
terval, but  was  more  complicated  than  the  increase,  and  lasted  on  an 
average  0*151  sec.  At  the  termination  of  the  negative  oscillations,  the 
needle,  as  in  most  of  the  experiments,  showed  a  positive  force,  which, 
was  abruptiy  stopped,  as  Engelmonn  suggests,  by  the  arrival  of  the 
negative  current  at  the  more  distant  electrode^  The  mean  duration  of 
the  positive  oscillation  was  during  increase  0*057  sec  and  during  de- 
crease 0*050  sec 

Electro-motive  force  of  Hie  oscillatioTu — Under  this  head  the  author 
informs  us,  that  as  regards  the  relation  between  the  intensity  of  the 
excitation  and  the  force  of  the  oscillation,  the  latter  entirely  depended 
upon  the  condition  of  the  cardiac  muscle,  not  upon  the  intensity  of  the 
stimuli,  and  as  life  disappeared  the  force  of  the  oscillations  gradually 
diminished. 
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Rapidity  of  propagation  of  the  negative  wave  in  the  heart. — Th& 
determination  of  l^e  speed  with  which  the  electro-motive  current 
traverses  the  heart  has  been  made  with  much  care,  and  the  leeolti^ 
briefly  stated,  show  that  the  rapidity  became  less  the  longer  the  time 
which  had  elapsed  from  the  setting-up  of  the  preparation*  During  the 
first  half-hour  the  rate  of  transmission  was  about  35—40  mm.  per 
second,  during  the  succeeding  half-hour  about  20  nun.  per  second, 
and  during  the  third  half-hour  about  15  mm.  per  second. 


EEPORT  ON  THE  CASE  OF  THE  LATE  Dr  E.  A.  GROUX 
By  Dr  Charles  Jewbtt,  Afinals  of  the  Anatomical  and  Surreal 
Society  of  Brooklyn^  New  York,  voL  i.  p.  7,  and  "p.  99. 

(Abstract  by  George  A,  Gibson,  M.B.) 

Ebcbnt  obsenrations  on  cleft  sternum  in  Germany^  and  America,'  as 
weU  as  in  this  country,*  have  recalled  the  interest  formerly  felt  in  the 
subject  when  Herr  Groux  travelled  the  civilised  world  to  exhibit  him- 
self to  the  scientific  world,  and  his  recent  death  has  enabled  American 
anatomists  to  compare  the  surmises  made  with  regard  to  the  relations 
of  the  malformation  during  the  lifetime  of  its  subject  with  the  facts  as 
they  stand  after  death. 

When  at  rest  the  interval  between  the  two  halves  of  the  sternum 
was  one  inch,  by  forcible  approximation  they  could  be  brought  within 
one  quarter  of  an  inch  of  each  other,  and  by  forcible  separation  the 
gap  could  be  increased  to  two  inches.  The  mid-sternal  space  was  oc- 
cupied by  a  pulsating  tumour  which  was  by  different  observers  con- 
sidered to  be  either  die  great  veins  and  right  auricle,  the  right  auricle, 
the  right  ventricle,  or  the  aorta. 

Two  days  after  the  death  of  Dr  Groux,  an  autopsy  was  made  in 
presence  of  a  large  number  of  scientific  men  of  Brooklyn  and  New 
York.  After  ligaturing  the  trachea,  to  prevent  any  displacement  of  the 
thoracic  organs  by  collapse  of  the  lungs,  an  incision  through  skin  and 
superficial  fascia  in  the  middle  line  opened  directly  into  the  anterior 
mediastinum ;  no  other  tissue  was  found  bridging  the  space  between 
the  lateral  halves  of  the  sternum.  The  heart  was  normal  in  shape  and 
size,  but  somewhat  higher  than  usual,  the  apex  reaching  the  apper 
border  of  the  fifth  left  rib.  The  right  auricle  was  quite  to  the  right 
side,  and  the  right  ventricle  occupied  the  position  of  the  pulsating 
tumour  in  the  medio- sternal  space. 

The  sternum  was  formally  presented  to  the  Anatomical  and  Surgical 
Society  by  the  widow  of  Dr  Groux,  and  is  now  in  the  museum  of  the 
society.     The  following  remarks  are  quoted  from  the  description  of 

*  Dr  Franz  Fenzoldt,  Detd.  Arch.  /.  klin,  Med,  xxiv.  Bd.  8.  613. 
»  Dr  J.  T.  Hodgen,  Ainer.  Pracl.  Oct.  1878. 

'  Joum.  Anai.  and  Phya.  Oct.  1879,  Drs  Gibson-  and  Malet ;  Prol.  Turner, 
ibid. 
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pathological  specimens  in  the  museiUD  : — "  This  sternum,  from  the 
body  of  the  late  Dr  £.  A.  Groux,  presents  a  complete  median  fissure 
of  the  bone.  There  is  little  or  no  deficiency  of  bony  substance,  the 
malformation  resulting  simply  from  failure  of  union  between  its  lateral 
halves.  The  bony  segments  deviate  somewhat  in  relative  size  from 
their  usual  proportions.  The  two  halves  of  the  cleft  bone  are  separated 
by  an  interval  of  1  inch  at  the  level  of  the  first  costal  cartilage.  The 
width  of  the  cleft  at  the  widest  part,  the  junction  of  the  upper  and 
middle  thirds,  is  1  inch  and  y^tha  Below,  the  lateral  halves  of  the 
sternum  are  united  by  on  arthrodial  joint  This  joint  is  limited  to  the 
lower  segment  of  the  gladiolus,  connecting  its  opposite  halves.  The 
cartilages  which  invest  the  articular  surfaces  blend  below  with  the 
xiphoid  appendix.  The  costo^temol  articulations  are  normally  dis- 
posed, except  the  fifth,  sixth  and  seventh.  These  are  placed  higher 
than  usual,  so  that  the  seventh  costo^temol  articulation  falls  at  the 
junction  of  the  third  and  fourth  segments  of  the  gladiolus." 

The  sternum,  therefore,  in  this  celebrated  case,  closely  resembles 
that  in  the  Anatomical  Museum  of  the  University  of  Edinburgh, 
described  by  Professor  Turner,  as  refemed  to  in  the  footnote.  The 
relations  of  the  two  halves,  and  the  articular  junction  uniting  them  are 
almost  similar  in  both  cases. 

Finally,  we  would  seize  this  opportunity  to  convey  our  hearty  con- 
gratulations to  our  brethren  in  Brooklyn  upon  the  establishment  of  a 
society  so  well  calculated  to  foster  the  progress  of  scientific  medicine, 
OS  well  as  upon  the  publication  of  such  an  interesting  and  beautiful 
periodical  as  the  "  Annals.'* 
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T. 
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875  :  Coronary  Veins,  403 ;  Masks  and 
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